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PREFACE

This plan has been prepared mder the authority of the Endangered
Species Act of 1973 md subsequent amendments of 1978. The plan is designed
to provide dtCi8iOn  maker8 with an orderly set of eveat uhich, if carried to
a successful canpletion, would lead to the recovery of the species. The plan
also establtihu priorities for protection and management of caves,
guideUnea for protection of foraging habftat, public education, and
moaitoring procetdur8s.

m8 phZB i3 orgarriztd irrt0 thrtt paZ%S. mt f i r s t  p a r t  inCludt8 a
dt8Criptim of the @-ay bat, it8 di8tribUtiOq life h i s t o ry ,  rta8ons  f o r
decline, populrtim  status, recovery actions completed or pbnned,  and needed
rtcovtrjy 8ctioM.

The wcond part is a sttp-doun  plan uhertfn all existing and needed
rtatarch and management effort8 are organized into an orderly set of eve&z!.
The prime objective is to move the gray bat to threatened statru.)cC.Tht
minimum requirements for the attainment of this objective are documentation
of protection of 90% of Priority I hibenacula and documentation of stable or
increasing populations at 75% of Priority 1 maternity cave3 after a period of

5 years.

The third part identifies the priorities, biological  sig'diflcance,
netd8, and rtcanmendtd  mana&mtnt  agencies for all lrnoun gray bat caves.

.Portiong of Parts I and II are quoted directly fran Tuttle (1979s)
with the expreszmd permission of the editor8 of the Journal of Wildlife
Management.
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PART I

Description
The grry bat is the largest member of its genus la the eastern United

states. It8 fortsrm maawe 40-46 m, 8nd it weighs frw 7-16 gm. (usually
8-11 glm.). It ti easily distinguished fran all other bats within its range
b y  Its unlcolored dorul fur. AU other eastern bats have distinctly bi- or
tri-oolored  fur m their backs. Following molt b July or August, gray bats
are dark gray, but they often bleach ko chestnut brown or rusaqt between
molt8 (especially apparent in reproductive fanalw during Hay and June). T h e
uiag mambraae connects to the foot at the ankle rather than at the base of
the firat tot, w ia other 8ptcit8 of Hvotls.

Distribution

The gray bat ia a monotypic sptcits  that occupies a limited geographic
range in limeston karst are83 of the southeastern United State8 (FIGURE 1).
Populations are found mainly in Alabams,  northern Arkansas, Kentucky,
Hiuouri,  urd Tennessee, but a ftu occur in northwestern Florida, western’
Georgia, southeastern Kansa8, southernmost Indiana, southern and southwestern
IUlnois, northeastern Oklahoma, northelwtem nissiasippi, western Virginia,
and possibly western North CarolLna (Rarbour 0 Davis, 1969; Tuttle, 19795).
Distribution within the-range  was always patchy, but fragmentation and
isolation of population8 is incrslwing.

Prior to reotnt major dtcllnts, individual hibernating populations o f
gray bats  contaimd frcm 100,000 to 1,500,OOO or mare bats. Approxlaately
95 percent of the entire known population hibtrr;ttu b only nine cave8 each
wintar, with more than  half In a single cave. Undisturbed summer solonits in;
Teancutt and Alsbama contain frau 5,000 to 250,003 or more bak each, with
most  numberfng  X,000 te 50,000 (htttlt, 197s~).

IYo8t gray brk mig~‘s s e a s o n a l l y  betmen bihernat~ and msternity
cavur The disknot tmveled by individual cc&omy varies deptndiq 'on
geogr&phic locztisn, Tuttle (lS7k.I ~15yo~k chat one-trap  migratiot for a
msjos msturnitp c~lcny eegnent varies ~FQ a nm-mlgratory  17 km to 525 ka.

On a r r i v a l  a t  blberxsting eaves, adults  copubtt and Remalw  &mediately
begfn hibtmation. Some ma';e  and enter. sibermtioa u early a8 ths first o f

Septmmer,  and newly all do so by early October. Following mat-,  males
remain actiou tar several weeks, drrrL~ which tIma fat supplies dt;,leted
duriag  bme&g am repl~i.~ed. Juvtnlles vi bot3 uxts and adult males
tend CO enter hibsmzatiou several weecra later t%n adult females, but most
are :LU hibar uatFoa by early November. Stored fat reserves must last for at
lea&s six to seven maths  (Tuttle, 1976a; Tuttle, mpublfshed  data; Tuttle h
Stevenson, 1977).

Adult felPalu emerge in late March or early April, followed by juvazties
of both 3exas and adult males. Most $avenllu and adult malss leave between
tid+ril and  mid-May (Tut t le ,  19765). Xigration  is haxardorw,  e s p e c i a l l y  i n
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spring when fat reservei and food supplies are lou. Consequently, adult
mortality Is especlallp high in late March and in April (Tuttle & Stevenson,
1977).

Each summs~~olony occup~cs  a traditional home range that often contains
several roosting caves scattered along as much as 70 kz of river or reservoir
borders. Coloay members are extremely loyal to their colony home range, but
tend to disperse in groups among several different caves within that area
(Tuttle, 1976a; kVa1, uapubllshed data).

.
Adult females store spem through the winter and become  premaat  soon

after emergeuce from hlberaatioa (Guthrle & Jeffers, 1938). They give birth
to a single young ia late !ky or early June.  At that time, the
reprodtjctively active females congregate la a single, tradltioaal maternity
oave (usually the warmest oae available), while males aad non-reproductive
females coagregate in smaller groups in more peripheral caves within the
colony home raage (Tuttle, 1976i).

Growth rates of aoavolaat young are positively correlated with colony
size ('Rrttle, 1975),  because iw3-easlng numbers of bats clustering together
reduce the themoregulatory  cost per ladfvidual (Herreid, 1963: 1967). Growth
rates are also affected positively by hjgher ambient cave temperatures and

. porous or’ domed ceillugs at roosts. Though grokith rates vary, most young
begfa to ny ulthln 20-25 days after birth. Where colonies have been reduced
In size as a result of roos$ dlsturtance this time may
days (Tuttle, 1975). and in severely reduced ~010n1es,
die before learning to fly (Tuttle, unpublished data).

be Increased to 30-35
the young sometimes

For aewly  volzat young, growth rates and survival are lcversely
proportional to the distance from their roast to the nearest over water
foraging habitat (Tuttle, 1976&j. Although mc thers continue t.o aurse their
young fw a brief period a.f t;er the young lea- to fly, Juveniles arc
apparently left to learn bow tad where to hunt on their gun :‘Tuttle h
StevensIJa,  in zaauscript! l

%geclally during the g-loci cf lactation from lotc Hay ?.o early July,
reproductive females mutt z&inecfn high body tempsrotures  at tbelr relatively *
tool masts. Thlr requires 1a;rger amounts of energy, aad durlr@ the gerlod
of peak dezaad, when young 8-e. roug?aly 20030 days old, iadivLdua1 famatas
~ometimcs  feed conthuously f a r  morr tnaa seven hours d u r i n g  a sfngLe sight.

Durirrq peak insect  ab.umiance la early evmia,s  many. gray kats feed In
slou1.y tavelfiq .mups , but when iascct namkers &=op l-l/Z tc 2 hou?s ~?te?
suadouu, gx~y bats  hcoze te?riSorial. DeFendins  upon p-y zhndancs,
foraging terrl:orits may be ccccpled  by ftrom tnc $3 as many as 15 OP zor*

. tats. Territories seem to b% wntnlled  by rcpmductive females and al-2
located in the same alacts aqd us&C  by the same individual bats, from ans
year  to  the  acxt (Tuttle et al., in zanuscrlpt)..



8abltat %aaulrements

‘The g r a y  b a t  i s ,  p e r h a p s , the most restricted to cave habitats of any
U. S. mammal (Ball & Wilson, 1966; Barbour & R~is, 1969: T’uttle, 197&I.
With rara exception (Bays & Blngham,  1964) it roosts in naves year-round.
Hecause  of highly specific roost and habitat requirements, fewer than 5% of
available caves are suitable for occupation by gray bats (Tuttle, 1979~).
Colonies move seasonally betueen unusually warm (14-25°C) and cold
(6.1loC) caves.

Host winter caves ara deep and vartical; all provide large volume below
the lowest eatrance  and act as cold air trapa. A much wider variety of c a v e
types am used during spring aad fall transient pariods. In summer,
maternity colonies prafer cavas that act as warm air traps or that provide
restricted rooma or domed ceilings that are capable of trapping the combined
body heat from thousands of clustered Individuals (Tuttle, 1975; Tuttle &
Stevenson, 1978). At all seasons, males and yearling females seem less
nstricted to specific cave and roost typas (Tuttle, 19763).

Summer caves9 especially those used by maternity colon3es, are aearly
always located within a kllometer  of rivers or reservoirs (rarely more than
4 km) war uhinh the bats feed (Tuttle, 1976b). Except for brief parlods of’

. iaclamant  waathar  In early sp r ing  and possibly late fall, adult g r a y  b a t s
-‘i-,:fted almost exclusively ovar uata along river or resarvolr  edges (Lava1

et al. , ‘1977z; Tuttle & Stevenson, in manuscript). Detailed obswvations
zaa east Tennessee rasarvoir iadltatad that most foraging was mstrlcted'
to within 5 z of tj2e water surface Dear shore (Tuttle  et al., in IBaDUsCript),
but gray bats in k!issouri  have been seen foraging In forest canopy alorig
rivar edges in addition to low over-water (LaVal, unpublished data).

At an east Tennessee resawnlr,  foraging territories were nearly always
located over slabrock bottom along areas of the origlnal river nhaanel that
were  bordered by forest. Foraging terrl tories were found up to 20.3 river-km
from the roosts 8Dd a matemfty  colony of approximately 8,000 gray bats
dispersed nightly along applaximately  362 km of reservcir ShOrtliDO.  Males
8Dd yearling females wera excluded from foraging territories, and the colony

may have been food limitad (Tuttle & Stevenson, in manuscript; Tuttle et al.,
In manuscript).

Lava1 et al. (1977&I studied a @ai bat matarnfty  colony In Missouri and
also found Gy wmbars foraging up to 20 or more km from their most.
Though their study tanhnlque could not detect territorial behavior, they did
note that iadividual bats fed In areas of patchy dlst?ibutlon.

.

At an east Tennessee reservoirr Tuttle et al. (in manuscript) compared
insect faunas in foraging versus aoaforagingxs and found significantly
more mayflies (Chornternes and Stenaqron) in faraging areas. They found no
gray bats foraging over a aearby reservoir where mayfiies Yore rare. lhcy
concluded that their study colony was dependent upon mayflies for survival.
Hayflies are believed to be especially susceptible to aquatic pollution from
industrial effluents (Frezllag,  19681, and the reservoir where gray bats were
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not found is kaoun  to receive &usually large amwts of toxic industrial
wasks (Aaoa. 1978).

Newly volent young gray bats often feed and take shelter in forest
surroundAng cave eatraaces. Also, whenever possible, gray bats of all ages
fly in the protectian of forest canopy between caves and feeding areas. Such
behavior provides increased protactfon  fraa predators such as screech ads.
Forested areas surrounding caves and between caves and over-uat6r  feeding
habitat clearly. are advantageous to gray bat survival (Tuttle, 197%).
Additionally, gray bat feeding  areas have aot been found alaag sections of
river or ruervoir Hera addacaat  forest has been claared  (LaVal  et al.,
1977; T u t t l e  & Steveascn, in muMdPt)-

Reasons for Decline

Human Disturbance.- Ia summer, gray bats select only a f6u cavea, which
must be located aear rivera  or reservoirs,(Tuttle 1976$. They hibernate In
deep, vertical caves that have unusually law (6O- ll” C) temperature.
& a consequence of their combined thermoregulatorp and other habitat
requizwments,  gray bats coagregate  in larger numbers aad in fewer Uberuating
caves than any other Horth American bat. Wds conceatration of such a large
proportion  of the knobm populatim Fnto so few eaves constitutes the real ~(_
threat to their survlvala (Mohrl 19721. In a brief  plea for b a t .
conservation,  Manvilla  (1962)  n c t e d  t h e  e x t r e m e  v u l n e r a b i l i t y  o f  t h e  g r a y  b a t
tc humaa  disturbaaoe and vandalism, aad Harbour  and Davis (1969) poiated out
that %n the last few years human disturbaxe has threateaed the very
existeaoe of the species.a They concluded that O...& grlsesoens  is destlaed
to continue a rapid decliae in numbers and probably faces rxtinctloa.w
Tuttle (1979) reported human disturbaac6 in eaves to be a prizary oause of
decline and demonstrated s &&se relatioaship  ttetween  decline and frequency
of distul-bance.

Although aay repeated dbturbnaw of rocsta is harmful, disturbaaw from
lata May t h r o u g h  mid-July at mteruity mvm wd fran mid-lugcst thraagh
&rU. at hibernat ing  c a v e s  ia especially’ detrinental. In the first p e r i o d ,
f3Lghtletss yomg a r e  a rOwtas and thousands zap die frcm a single .
ClstaPb2ace. Ia the second, each hman tmtzy oaums all gray bats within
rug’s of sound or light to arouse at least partUp, and usually caapleteLy,
frao hibernatim.

A limited  number cf arousals is natural aad aeccmary, but eaoh armsal
fraa hiteraatl.on  is 6aergeti~aUy exptwIv6, aad entrey remme ( i n  the f o r m

of fat:I cannot be replaoed before splcfrg ezae?genoe. Caloula'clons for similar
sirad spcies of the same genus indloated that aoh ar.ousa3 oa*uses  a bat to
upcad 29-30 d a y s  o f  s t o r e d  enrrgg restrvau  [Paaa, 1573). Slall~ly,
ti ttl6 'f uapublished observations oh gray bate indicate norm1 rates of
hibernating weight loss of less thaa 0,Ol w/day. Lr: coatrazt,  he fouad
that gray bats sometime  lose as maoh as 0.48 gms Lathe first hour o f
disturba.!%%. The amount lost varies according to swmmI cave temperature
a n d  other factors,  but Tuttle ’s data iudlcate  that  s imple  arousa l  aad
moremat to a new roosting place probably  cask an average gray bat as =ch
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energy as it would normally expend in 10 to 30 days of uadisturbed
hibernation  (Tuttle, uaprblished observations).

An average human visit to a gray bat hibernating cave usually results In
either multiple or prolonged disturbance to the bats. Clearly, repetition of
visits wit&la a single winter  can exhaust the bats’ limited eaergy reserve,
rcsultlng in high levels of mortality. Once a bat’s anergy stores a re
exhausted, It likely will leave the cave prematurely ia search of food, dying
outslde where its fate vi11 go uaaoticed.

Environmental Disturbance.-- The very large proportlon of gray bat
decline that appears to be directly attributable to human disturbance random
detection of other potential problems extremely difficult. Nevertheless
several factors involving environmental disturbance probably have affected
gray bats adversely.

The possible influe=e of pesticides in causing decliae of North
llDcrican populations of insectivorous bats has been reported (Bohr, 1972;
Reidinger, 1972, 1976; Clark aad Prouty, 1976: Geluso et al., 1976). and a
recent study has documanted mortality and probable po*on decline in gray
bats resulting from routine Insecticide usage (Clark et al., 1978).

Clearly, further Investigation is needed. Zbnald Clark (persoaa’
coamanitation)  analyzed samples of guaao from 22 gray bat caves la Ala- . .
and Tennessee aad has foubd conslderable variatloa among localities, tith
lwels of PCB, DDD, DDE, beptachlor epoxide, or lead at potentially dangerous
levels.

A firthor possible cause of decliae may involve other chemical pollution
or siltation of uateruays  over which gray bats forage. Although studies on
p r e y  p r e f e r e n c e s  arc aot yet domplete,  gray bats am known  to forage
primarily  over rivers, streams, 8Dd reservoirs (%ttle, 1976a.b; Lava1
et al. , 19??) where they capture a variety of iasects. Amoni  These are large
nurpbs of mayflies (Tuttle, 1976k; Tuttle et al., in manuscript), as well as
stoneflies and caddlsflies (Brack et al., la prep.). All three groups of
iasects am thought to be quite semvo to aquatic pollution. Through
broad areas of their former habitat, mayflies have beea virtually eliminated,
and they am now rare io other araas  of fomer abundance (Fremliag, 1968).
Claarly, such declibes  could prove disastrous for predators that depend upon
mayflies as a mJor food source.

- -
F6w observations are available on the potential effects of siltation.

Carlander et al. (19671 suggested that at least some siltation benefited
nym*a of thctwo species of mayilias. &her studies Indicate some species
apparently were unable to survive on mud or silt substrate, (Lyman, 1943;
Hinshall,  1967). In areas'surmunding  me Cumberlaad  Plateau in Kentucky and
Teanessee,  recent fncreases  in strip minLng have pnduced levels of s i l ta t i on
that could have extreme and far reaching effects on aquatic biota and
consequently on the fWun survival of gray bats living  along affected
waterways. In a recent census of gray bats in Alabama and Teaaessee,  all
coloales along heavily silted waterways had declined (Tuttle, 19792).
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Problems involving the effects of both chemical and silt pollution on aquatlc
insects upon which gray bats depend need more Investigation.

Addltfoaally, deforestation of areas near nave entrances and between
naves aad rivers or reservoirs  where gray bats feed may have affected them
detrimentally. During exceptionally cold spring weather, Tuttle (1979&I has
obsaved that gray bats sometimes forage in fohsted areas near their caves.
Also, during evcnfng emergence gray bats usually ny in th6 protection o f
forest canopy earoute to rivers or reservoirs where.they feed (Tuttle,
1976b). Gray bats often travel considerably out of thefr uay in order to
take advantage of even sqattemd  trees along fence roust Screech owls
capture emerglag  gray bats but are less SUCCOssfUl when th6 bats ar6 able t o
take cover ia fO!Wt caDOpy (?bttlO, 19795).

Sinne feppale gray bats produce their first young when 2 years old
(Guthrie, 1933b; hrttle,  197&I and thereafter produce only one per year,
oven slight Increases in predation could prove significant. Young gray bats
are slow and clumsy fliers during their first week of flight, and at naves
surrounded by forest, they often SpODd sweral nitits foraging in the forest
before  venturing farther auay. The trees provide convenient resting place’s
for weak fliers aad protection frem predators and wind.

fmvoundment  of Uaterways.-- Gray bat preference for caves near rivers
has made their roosts -pertlculsrly vulnerable  to fnundation by man-made
impouadments. The lnltial effect of long-tstablished fmpoUDdmeQts,  such as
the Tennessee Valley Authority reservoir system, Is difficult to evaluate due
to a Jack of pre-impoundment data. The little lnfomatlon  available
indicates tbat many Important caves, 8Dd probably their bat populations, uere
extirpated. AD account by HcMurtrie  (1874) describes a cave la Alabama,
since flooded by a reservoir, tiich MS ‘inhabited by countless thousands of
batsa and had guano piles 4 .f .rn deep. Long-time residents have told of many
other such caves now submerged. Timing of the initial flooding may be a
crltl~:il factor in whether the flooded populatfons are destroyed
immediately. ThC bat’s strong sit6 attacirment  and namw OCOlOgiC81
nqr~lrements, however, maka survival of displaced populations questiotable
even if they escape iaitfal destruction.

ft was initially suspected that resorvcirs  might increase the amcunt  and
qutifty of foragIng habitat for colonl6s that sutived (Tuttle, 1976k).
kent studies of g?ay art foraging habitat aad prey pnfcrcnqe r6qulreacnts
support ax oppcsitn contluslon (T&tle et al., in manuscript). Furthermore,
recreational aotltity asscclated ultn m=irs has gxatly increased the
niti6r of neon18  tieitlag gray bzt hab$t6.t, and zany caves formerly long
d:;ntanuet from population center t a n d  ros.ds  are aou within easy access by
best.

Gave Couxnerclalizat;ian  and Zaproper  Getinq. - .Some of the largest gray
bat coloaies  ever known have been extirpated as a result of csve
commerciali3ation. Tr fact, the largest remaining gray bat s-uxzaer colony
wuid have been destroyed by cdmmercialization  in 1977 If the U. S. Fish and
Yildlife  brvice had not intervened (Tuttle, 1979%). Some responsible owners
of commercial  caves have protected sections of their cave3 that were critical
to gray bats, and those bats may, have benefited by commercial enterprises.

7 .



In several cams, entire gray bat colonlts, tspecirlly  at maternity
caves,  have been lost as a result of the utU meaning efforts of poor ly
informed  constmationists who built improperly designed gates for the bats’
protection (Tuttle, 1977). Any modification of cave entrances  that  affects
bat movements, cave microclimate or facilitates predation should be avoided
(See Appendix If).

Natural Calamities.- Cave flooding is by far the most important natural
calamity faced by gray bats, and it is bccc&ng lacrtauingly Important m
they retreat farther back into inaccessible places to avoid human
disturbance. Summer colonies often retreat to roosts over deep uater in
order to avoid disturbance by humans. In some caves, this la a successful
avoidance strategy; but in others, such roosts become death traps during
flooding (Tuttle, 19792).

An additional problem involves cave entrance closure. On rare occasions
cave-ins or gradual fill-in of sinkhole entrances rtndtr a cavt entrance or
an importsat passage too small for a Large colony to pass through without
greatly increasing the danger of predation.

Current Status of Population and Trends

As potted  oLft by Tuttle (1975, 197951, estimation of gray b a t
population size is exceedingly difficult. For this reason, plus the fact
that available estimates have been made by several different workers, we
suspect that  some population estimates prtstnttd hers may differ from the
actual numbers by’ aa much as 25-502.

TABLE 1. MAJOR GRAY BAT HIBERNACULA AND POPULATION BY STATE

state
Number of

l4a jar Hibtrnacula Total Pooulation

Alabama 1 700,000
'Ttnatsstt 3 300,000

250,000
Kentucky i 25,000
Hissouri 3 300,000

Total 1,575,ooo

There  art only two situations in which gray bats ranaln  at a given site
in a sptcific cave iong tnougk to allow the entire population to b e
censused: (1) At tibtrnacula  during Dtctmbtr-Ftbruarp;  (2) at maternity
caves during late June, after all young are born but not yet flying.
Bibtrnaculum  counts am especially Inaccurate, but to date provide our most
convenient population estimates for wide geographic areas. All nine known
mador gray bat hibtrnacula  have been ctnsustd within the last 5 years, and
probably account for some  95% of the sum!aer  population of the states Usttd,
as well as adjoining states:
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Few of that caves hsve been ctnsueed at rcgultr fntenmls. so no overall
estimate of population decrease can be made. Ecwevtr, at least three mtjor
bibtrzmcul.a in Alabma and Tennessee have bttn entirely, or almost entirely,
l btndowd in the past 50 years and a populstion  occuppfng  one Ufsrouri  cave
has diminished from 100,000 to 3,000 in the lest 15 years. Other hibernating
populatious  have suffered decliner of tround SOT over that period, including
one that tccounts for htlf of all hibernating cay bats. Several populatlous
have rtmiwd uearly stable. The overall trtimttt of decline, based on
hibernating population csususes, is at least 50%.

Estimates of fotmtr populations, broad on rtrintd  utau and guano
accumula t ion  at materalty sites,  art the best indicator of the overall
population dtcllnt ruffertdbythir sptclts.

Tuttle  (1979) reportd on a uumbtr of caves in Alabama and Tennessee that
he had censured mice. The estimated maximum pant population for the 22 cams
ms 1,199,OOO. By 1970 the numbers bad diminished to 635,700, a 472 reduction,
and just six yttrr thertafttr the combined population had falltn to 293,600,
tnadditiontl54z Ytductioo.

In Missouri, 41 maternity  caves had an estimated muimum  past population
of 1,247,700. Tventy of these caves are now abandoned. The rauaining 21 had a
populttion of 343,600 in 1978, a reduction of 72X. Tvtnty-stven maternity
ctvts ctnswtd in the early 1960,s by Myers (1964) had a populatfon of 238,000.
In 1978, 16 were ubtndontd, the remaining ll having a population of only 46,500.
This cowtftutts an alarming 80% reduction over the U-year period.

Recent (1979) data from Kentucky indicate an even more  serious situation
there. Tuenty  caves had a maximum past population of 515,400. Today only
61,100  bats remakn in the eight caves still occup!.ed,  an 88% decline.

kr oaumTLuy,it appears that, although the decline in gray bat populations
probably began during the nineteenth century when the exploitation of caves
first began on a lazgc scale (mloing  of stltptttr, onyt, and ocher cave
ainc,ralr$, the rrte’of decline *haa tcctlerattd drastics.Uy during the pest tvo
decades rcflsctlng tzbe soaring ppulurity of rptiunkfng as 8 rpxt. X!f popula-
tioaa eoutinusd to dacreuc  at chat  rate of 54X emry rix 'pears, there would be
as few as 100,OUO grar bats ltff by the year 2000, Because gray bats require
large colcnit~  for ruccessfal rearzing of young (Tuttle, 1975:. a population of
lOO,.OOO rutrertd among many caves in six states might not %t able to sustain
itat.Lf, azd than tlst rpeefts  might be doomed to extinction if the population is
sUwsd cc drop snysherr near that level.

Recovery Actiuns Akcadp A.ccomoliahtd,  Underway, or Planned

Sines the: gray bat was listed is l ndangtrtd <Fedtri. Register, 28 April
1976).  tncourc*gmng progress has been made. the R, S. Fish and Wildlife Strpict
baa purcbased Sauta Csvt, thtmostimportantkno~  summer cavs, and is

'considering ocher important scqrrfritious,  including tbt ouly major gray bat
hfbauaculumin Kentucky. it also fenced and posted Cave Springs Cave,  8 major
summer cave onth Uhttler Nttiontl Uildlife %fugelnAlabuma. During mare
than ten ytaru of prtdpitour dtcUnt, the forawrly large matunity
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colony at this ctv? uts destroyed, and only a transient bachelor remnant of
appmximattly  9,000 bats remained. Following only 2 years of strict
protectlou  from human disturbance, this colony has rtturatd to maternity
status aad increased to more than 19,000 bats.

Acquisitions and management actions have been undertaken by a number of
Federal and state agencies. However, certain  agencies have been especially
active in the acquisition and protection of gray bat caves,  and should be
gratefilly acknowledged for their services to dote. These include the fJ. S.
Fish and Wildlife Service-Region 4, Tennessee Valley Authority, National Park
Servlce, 0. S. Fort& Strvlce, U. S. Army Corps of Engineers, and Missouri
Department  of Conservation , and the Tennessee Widlift Resources Agency.

Needed Rccoverv  Actions

Acauire and Protect &vts.-- Because gray bats roost almost exclusively
In caves, a substantial measure of protection can be afforded the population
if all or at least the more important of these  caves art protected from
a&erse human disturbance or modificttion. In the majority  of caves t h i s
means that various govtrnmtntal agencies, and possibly private conservation
organizations  as well , must first acquire some degree  of control over the
cavt- This may be by fee acquisition, least, easement, cooperative
agreement, or some other arrangement, the critical factor being that the
agency can legally take whatever steps art required to reduce or eliminate
disturbance of the bats.

Clearly, the immediate objective must be to reduce human disturbance in
occupied caves. First,  the locations  of gray bat caves must be made known to
appropriate  Federal, state, and local agencies, and private organizations,
along with recommended  options for protectlou. X&cations of most gray bat
wintering  caves and many swmtr  caves art knouu to bat researchers. Even
those not yet knowa  to rcstarchtrs  art usually known locally to spelunkers.
Access to such location lists, however, shouid be restricted to accomplish
pmtectiou of the sites.

Certain caves that have been especially important to bats in the recent
past, but are vow abandoned due to heavy disturbance, probably will be
rccoloalzed if protected, and shculd be acquired so the required dtgree'of
protection can be achieved. Protecting caves may require sfgnposting,
gating, fencing, and surveillance by enforcement agents. No gating or other
entrance altcatlon of gray bat caves should be attempted without careti1
consideratfou of the potential impact upon movement of both bats and air
(Tuttle 8 Stevtu3c0,  1977).

.
Houtvtr, because gray bat usage of caves is seasonal, protection efforts

should be concentrated  during the period,- of residence (sac FIGURE 2). As a
rule of thumb, all disturbance must be avoided at maternity caves between
early April and the end of July. At hibernacula, it is best to avoid all
disturbance between mid-August and mid-May. At these and other kinds of gray
bat caves, the actual period of usage, uhicb may differ somewhat from the
above dates, must determine perfods of intensified protectioa effort. .
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Control Habitat Destructfon.- Fortunately,  much of the foraging habitat
used by gray bats in their primary population centers (the Ozark and southern
Appalachian regions) has not been seriously modified by man’s activities
except for the construction of reservoirs by the Tcnneessee Valley Authority,
the U. S. Amy Corps of Engineers, and public utility  companies. Much of
this region remaihs forested, and the level of water quality necessary for
production of the aquatic insects eaten by gray bats has been largely
maintained in many rivers and streams. In some areas reservoirs provide
fora&ng habitat for gray bats; however, recent studies indicate that the
quantity and quality of prey species of insect3  produced are not as great u
t&t produced by unlmpouuded  rivers (Tuttle et al., in manuscrfpt). Forested
corridors, river edges, and reservoir shore=should be left intact near
major gray bat summer caves. Substantial areaa of habitat have been
destroyed or degraded by clearing, channelization,  siltation, sprayirrg  of
herbicides, pesticides; etc., and such destruction continues. Ahy activities
that tight adversely affect the foraging habitat within 25 h of major gray
bat caves should be carefully examined and modified, if necessary, to protect
the habitat. When unusual numbers of dead bats are found in caves., the
carcassu should be examined for lethal concentration of pesticides or other
toxic-substances, and the source identified and controlled. In this and
other cases where population decline is apparently due to destruction or
degradation of foraging habitat, steps should be taken to restore and/or
enhance existing habitat.

Public Education.- Goverrment officials at all levels  should b e
educated regarding the ecological role of bats. Many officials, through
exaggerated fear of bats as dlaease vectors, feel that the only good bat is a
dead bat. Disease problem should be put in perspective arxi officials should
be informed, for ezcample,  that the gray bats from a single cave in Alabama
consume more than 900 pounds of insects nightly and 80 tons annually.

. .

Major efforts should be made to educate and gain the cooperation of
landowners. Many would cooperate if contacted by local tidlife officials or
conservation  groups. Cave owners should be provided ulth an official written
statement outUning  the basic problem, the potential value of having the
bats,  and Federal and state laws a& penalties  for disturbing them.
Additionaily, State vIMlife agencies in coordination with the Fish and
Wildlile Service should offer to post privately-owned gray bat caves, as well
as posting their own, with sighs briefly outU.ning  reasons for protection and
specific times during which entry is prohibited (see APPENDIX II). It is
important also to inform landomers that a valuable and rare resource is
involved, to generate a sense of pride and stewardship, making the protective
posture a positive step. A plaque can be given cooperative landowners which
has their name on it to be placed at the cave.

Such procedures should inpress the landouner that protecting bats is
ixportant’enough  to warrant his participation and lets him “off the hook”
with neighbor-a and others who xight otherwise think of h&a as unfriendly.
Also, ihformative  signs often elicit cooperation even from would-be vandals,
especially if a definite  time period Fs stipulated.

12
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A carcf’ully-uritten brochure should be made available for distribution
by state and Federal agencies throu@out the range of the gray bat. The
purpose of the brochure would be to convince the public that bats are worth
protecting, and that the public’s cooperation Is essential if bats are to be
pro tee tud successfi 11 y .

The need to avoid disturbance of gray bat caves should be emphasized.  A
sample brochure published by the state of Missouri is attached (APPENDIX V).
A color slide presentatioa should be prepared for use in parks,  nature
c e n t e r s ,  s c h o o l  3, etc. , located within the distributional range of the gray
b a t . The National Speleologlcal Society, Roy and Girl Scout troopso and
other organixatioas whose members explore caves should receive special
emphasis in these efforts.

Research  Needs, Recommendations, and Cautions. - Gray bat seasonal
habitat requlraments (Tuttle, 1975, 1976a,b; Lava1 et al., 1977) and movement
pat te rns  Myers, 1964; Hall & Uilson, 1936? Tuttle,=-;  Elder & Gunier,
1978) are mlatlvely well understood, and available information is adequate
to permit  management initiatives. Nevertheless, several areas require
further investigation.

Throughout the range of gray bats, investigations of the effect8 of
environmental disturbance are essential. The most important areas of concern
involve the potential effects of water pbllutlon and siltation on aquatic
insect life upon which gray bats depend, as well as those of pesticide
contamination and local deforestation. Foraging  habitat and prey preferences
are necessary baseline data.

Plans for further studies raise the auestion of potential
research-related disturbance. Gray bats are especially vulnerable to any
disturbance during ulnter hibernation and lnrmedlat.ely before and during their
maternity period. Gbsewatlon,  n e t t i n g ,  trapping, handl.ing, baading, a n d
other research-related activities should be restricted to the times and
sltuatlons recommended by Tuttle (19792:15-16). -

If bats are banded, the recommended bands (cAled wrlngsw In &glar.d)
can be obtained irom hmbownes (Birmingham)  Lltited, 370-174 Great ldampton
Row, Birmingham, 13l9.?JP, England. Elibernacula should only be censused
every 2 years.
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PART II: RECOVERY

Abbreviated Step-Down
Outline

PRImGBJEcTIvE: To RECLASSIFY TIE GRAY BAT FROH ENDANGERED TO THREATENED
STATUS.

1. Prevent Disturbance to Important Roost Habitat.

1.1 Publlc Education.

1.1.1 Llterrtum.

1.1.2 Interpretive Signs at Caves.

1.1.3 Ranger-Naturalist Talks.

1.1.4 Info= Gave Users.

1.1.5 Slide Pmgram;

1.2 Prevent Unauthorized Entry.'

1.2.1 Erect Yarning Signs.

1.2.1.1 Design Proper Uora of Sigas.

1.2.1.2 Select Caves Where Signs Alone Will be Effective.

1.2.2 Gate or Fence Csve.

1.2.2.1 Gain Control of Roost Site.

1.2.2.1.1 Roost Site Evaluation.

1.2.2.1.1.1 IdentiQ Roost Xtas +A 'be Protected.

1.2.3 ltonftor Roost Sites0

1.2.4 Monitor Caves bg Law Enforcement Agencies.

1.3 Prevent Adverse Ir,odifkatians to Roost Sites.

lo3.1 Prevent aar! ~e&billtate Adverse ~bdiflcatfons  to the Subsurface,
fncludfng Entrancas.8

1.3.2 Prevent and Rehabilitate Adverse Modifications to the Surface
Uatersheds'Surrounding  Uportant Roost Sites.

1.3.3 Hake Locations of Important Roost Sites Available to Appropriate
Fish and WiLdlife  Samice Offlcu and State Ylldlffe &encies.
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2 : Haintaln,  Protect, and Restore Foraging Habitat.

2.1 Publ ic  E d u c a t i o n .  _

2 .1.1 Literature.

2 .1 .2  wr-Naturalist  Ta lks .

2.1.3 Slide Program.

2.2 Prevent Adverse Hodificatlons  to Foraging Areaa and Travel Corridors.

2.2.1 Detemlne Habitat Requirements.

2.2.2 Preserve Water Quality.

2.2.3 Prwerve  Forest Cover.

2 . 2 . 4  Honltor  EablUt.

2.2.5 Include Foraging Areas and Travel Corrldon in Section Seven
Consultations.

3. Monitor Population Trtkds.

3.1 Monitor Status of Populations in Hibernacula.

3.2 Honltor Status of Populatiorm in Maternity Colonies .

3.3 Monitor Residues of Toxic chemicals.

. .
3.3.1 Sample Insects.

3.3.2 !Sample Guano.

3.3.3 Sample Bats.

Recovery Plan Narrative

OBJECTIVE: TO -VE THE GRAY BAT pROE!ENDANGEREDSTATUS

It is the opinion of the Indiana/Gay Bat Recoveq Team that the status of
the gray bat can be changed from endangered to threatened if the following
conditious am met . The criteria for the c!mnge to threatened status Is
documentation of permanent protection of 90% of Priority 1 hlbernacula  and
documentation of stable or fncreaslng populations at 75% of Priority 1
zuaternlty caves (see Part III) during a period of 5 years. Once the status
of the gay bat has been changed from wendangeredm  to athreatened,n It will
be possible to delist this species by the documentation of permanent
protection as well as stable or iacreruiag populations during five years of
25% of Priority 2 caves in each state. The moat important feature  0r thi3
plan is the protection of roosting hribitat. This will require gaining

.
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control of Important hibernacula and maternity caves and pmkecting them from
humn disturbance. .This can be done by either direct purchase, cooperative
agreement, easanent, etc. Ue also believe that as much as practicable,
foraging habitat (which consists of bodies of water ranglng~frcm small
stream to large reservoirs with accompanyfng riparian vegetation) must be
maintained, protected, and restored. Finally, in order to insure  the success
of our efforts, a monitoring program should be established to inswe  that
gray bat populations are responding positively.

1. Prevent Disturbance to ImPortant Roost Habitat.  There are a number
of hibernation and maternity caves distributed throughout the range of the
gray bat uhich.must be preserved  if the species is to survive. Disturbance,
especially from human beings, has been docupented zw a maJor factor in
decline of the species (Tuttle, 1979g). Because gray bats have such
specialized requIrementa,  only a small percentage of available caves are
suitable.

1.1. Public Education. The public must be informed of the
consequences if their actions disturb gray bat roosts.
beneficial qualities of gray bats should be prmulgated.

In addition, the

1.1.1. Literature. The 0. S. Xsh and Uildlife Service should make
ioailable interpretive brochures to land mariagement agencies, cave owners and
organizations whose membera explore caves within the.knowrr range of the gray
bat.

1.1.2. Interoretive Sign: At Caves. Signs erected at cave
entrances should provide  -Information on life history and consequences of
disturbance.

k.1.3. Ranger-Naturalists Talks. These talks, given at places such
w national park and forests and Corps of Engineers and Tennessee Valley
Authority reservoi:m, should include appropriate infomtion on the pay bat.

1.1.4. Inform Gave Users, Special emphasis should be made to
educate cave users such ILS sgeleolog%sk, boy and girl scouts, and cave
omerb.

1.1.5. Slide PPO~PSUB. A siide program should be prepared by the
UA Fish and UildlAft Service  on the gray bat with mqhasics  on the
beneficfal effects and reed for prcteotion.

Bn2. Prevent Unauthorizti Entx. Preventing unauthorized human
access  to &ray bat caves is the best way to curtail disturbance.

I. 2.i. Erect Uarnfnu Sim. 3ig:is can be used as certain caves to
diacmrage entry. Sig= a=e also used in con$mction with gates to inform
the public. Signs should not block bat movement or air flow (see
APPENDIX II>.

1.2.1.L Deslqn Proper Wording of Signs.  FIGURE 3 shows a sign
which the Team thinks is properly worded.
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1.2.1.2. Select Caves Where Signs Alone Will be Effective.
Criteria are presented irr APPENDIX II.

1.2.2. Gate or Fence Cave. Place a structure such as a gate or
fence at the most cave entrance to prevent human access, but which will
permit gray bats to come and go without danger. See APPENDIX II. All plans
to gate or fence a cave should be submitted to the Regional Director for
approval, because improper construction can destroy the colonies they are
built  to protect.

1.2.2.1. Gain Control of Roost Site. If the roost site is not on
public land, control through fee purchase, easement, or other legal
arrangement should be obtained.

1.2.2.1.1. Roost Site Evaluation. All important roost sites mast
be evaluated to determine if a structure is needed to prevent entry. An
improperly designed gate can prevent gray bat use. APPENDIX II describes how
a gate or fence should be constructed to prevent adverse impacts. The
Recovery Team till evaluate which caves should be structurally protected and
make recomendatlons in the Implementation (PART III).

1.2.2.1.1.1. Identify Roost Sites to be Protected. liter all known
gray bat roost sites are Identified, the Recovery Team will recommend which
sites should be protected hased  or; 3% fallowIng categories ia order of
biological significance. Final prioritic (PART III) will be based on
management needs as well as biological signific~ce. The Recovery Team ulll
review all priority assignments, olassification,  and categories of biological
significance of new or revised data.

Cat+Rories  o f  Biolosical Slmiflcance*

i (1)
w

~'Pr&mry  hibernating caves (those occupied nw or in the prwt by
mom than 50,000 gny bats in northern Alabarn  and Tennessee;
25,000 elsewhere).

(2)

0

Primary  maternity caves (those occupied now or in the past by
50,000 or mre gray hats in northern  Alabama and in Tennessee

' west of the Cmberland  piateau; 40,000 in Kentucky; 10,000
elsewhere except for Florida, OkLahow~, Arkansas, Kansas, md
southern Alabama where the number $s 1,000).

(3) Primary bachelor caves (those wed nw or in the past W more
than 50,000 male and nonreproductfve  female gray bats in
northern Alabama and in Tennessee west of the Cmberland
plateau; 10,000 elsewhere excep: for Florida, Oklahoma,
Arkansas, Kansas, and southern Alabasa  where the number %s
1,OGo).

fi Cawzs that are not presently suitable for bat use have been'excluded.
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/(4). Secondary maternity eaves (those presently used now or in the
(, i past by more than 5,000 but fewer than 50,000 gray bats in

northern Alabama, and in Tennessee west of the Cuuberland
plateau; by more than 1,000 but less than 10,000 elsewhere,
except for Florida, Oklahoma, Arkansas, Kansas, and southern
Alabama where they number more than 500 but less than 1,000).

(5) Secondary bachelor caves (those presently used nw or in the
past by more than 5,000 but fewer than 50,000 gray bats in
northern Alabama and in Tennessee west of the Cumberland
plateau; by more than 1,000 but less than 10,000 elsewhere,
except for Florida, Oklahoma, Arkawas, Kansas, and southern

-__- Alabama where the number more than 500 but less than  1,000).

(6). Secondary hibernating cave5 (those used by more than 5,000 but
than 50,000 gray bats in Tennessee and Alabama: by more

than 2,000 but less than 25,000 elsewhere).

(7) Gray bat caves not included in the p~vlow  categories, such as
eaves which receive only brief seasonal use by small numbers of
gmy bats, and abandoned caves which in the past housed only
small colonies.

1.2.2.1.1.1.1.  Identify All Gray Bat Roost Sites: The Recovery
Team has sent a request to all persona known to have infomatlon on gray bats
to determine the location, size, and type of roost sites (see PART III).

1.2.3. Honltor  Roost Sites. After rogst sites are protected, they
must be monitored to determine if the method of protection is effective and
to determine if repairs or changes in management l .re needed.

To make a popuiation estimate, each important matex=nLty cave should be
visited once per year between late July and mid-hgust aCar young bats are
volant. To minimize disturbance, ctntrg into the c;ive should be mad@ at night
soon after the bats emerge. To obtain populatiorr estimates, the area on-the.-
floor of the cave covered by new guano depoa1t.s should be measured &a square
meters and multiplied by the mean clustering dentlty of 2,828/m2 and *
rounded to the nearest hundred. Guano deposited during the current season is
recognizable by a cmabinatlon of factors such as kind and stage of growth o< _

-~associated fungi, general moisture content, kinds and life stages of
invertebrates present, stage of decay of dead bats, and amounts of guano
pauaoved by streams kxmun to undergo seasonal  fluctuatfaa. Information
gathered shorrld be sent tu the Recovery Team Leader. The Recovery Team till
analyze the data and tpansmit its pecommlations to t&e Regional Xrector.

1.2.4 klonitor Cavea by Law Enforcement Agencies. The Law Enforcement
Dlvlsiou of the U. S. Fish and Uildllfe Service has requested hnds Lo
monitor gray bat caves and investigate violations. State agencies should
also cooperate in this effort.

1.3. Prevent Adverse Yodlilcatlons to Roost Sites. To presewe
roost habitat for gray bat we, adverse modifications must be prevented.
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1.3.1. Prevent and Rehabilitate Adverse Modifications to the
Subsurface, InChdinR  Entrances. A number of caves that were formerly
important roost sites have been adversely modified by such means as partially
blocking ah entram% or creating new entrances. Modifications such as these
can greatly affect the air flow; and, as a result, the temperature and
humidity reglues (Tuttle and Stevenson, 1978); Any roost sites that  are
Identified for protection in item 1.2.2.1.1.1, and that have been adversely
modified, should be restored. Reference to APPENDIX II and Tuttle ahd
Stevenson (1977) should prevent additional adverse modlflcatfon. In
addition, any proposed modification to an important gray bat roost site
should be approved by the appropriate Rtgional-Director  of the 0. S. Fish and
Wlldllfe Service on the recommendation of the Recovery Team.

1.3.2. Prevent and Rehabilitate Adverse Modifications to the
Surface Watersheds Surrounding Important Roost Sites.. Caves are vulnerable
to chances made to the surface areas above, Including areas which drain Into
caras. -For example, deforestation can i&ease the kount of runoff and silt
mterlgg a cave.

1.3.3. Make Locations of Known Roost Sftes Available to Approoriate
Fish and Wildlife Service Offices and State Wildlife Agencies. Insure that
appropriate U. S. Fish and Wildlife Service offices and state ulldlife
a&&s are provided with the locations of la&own roost sites so they can be
used to identify potential conflfcts during Section 7 consultations and other
planning activities.

2. tklntain,  Protect, and Restore Foraninq Rabitat. Gray bats forage
primarily over qtreams, rivers, and lakes where crepuscular and nocturnal
Insects are abundant. They usually disperse from caves to foraging areas
through or beneath the protac$ive forest canopy. Foraging area3 may be 25 or

.- more kilaeters from the cave, although many are closer. Therefore, it Is
- important to mabtain  forested corridors or dispersal routes to foraging

habitat.

2.1. Public Education. Land owners in the vlclhlty of khoun gray
bat roosts should be urged to leave natural  forest corrfdon, espcclally
along streams, ponds, and lakes. The beneficial effects of insectivorous
bats should be emphasized. -

2.1.1. Literature. Interpretive brochures should be made available
to land management agencies, cave owners and organizations whose members
explore caves by the 0. S. Fish and Yildllfe Service outUning the values and
needs of the specie (see itam 1.1.1).

2.1.2. Ranger - Naturalist Talks. Agencies conducting interpretive
programs within the range of the species should be urged to include
information on the need for protection of the gray bat as well as other bats.

.

.

2.1.3. Slide Prog?am. A slide program should be prepared by the
U.S. Fish and Wildlife Service on the gray bat ulth emphasis on its
beneficial effects and need for protection.
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2.2. Prevent Adverse Modifications To Foraginu Areas and Travel
Corridors. Hodification of foraging habitat may be detrimental to the
survival of these bata.

2.2.1. Determine Habitat Requirements. Throughout the range of
gray bats, investigations on the effects of environmental disturbance are
essential. Host Important areas of concern involve the potential effects o f
water pollution and siltation on aquatic Insect life upon which gray bats
depend, as well as those of pesticide contamination and local defoktation.
Foraging habftat and prey preferences are necessary baseline data. Foraging
areas for each maturnity cave should be identified, with emphasis given
according to the priority list in Tables 4-7.

2.2.2. Preserve Water Oualltx. Insects that serve as food for this
species are adversely impacted by water pollution. Water quality of streams
and lakes near known roosts should be maintained at acceptable levels as
defined by state and Federal regulations.

2.2.3. Preserve Forest Cover. Gray bats depend on the forest
canopy for travel between caves and foraging areas. Forested corridors
between caves and foraging habits should be maintained. Deforestatfon of
riparian areas may also affect siltation rates and adversely impact food
avallabflfty. ,

2.2.1. Monitor fhbitat. Foraging areas amd travel lanes should be
identified for each cave identified ln item 1.2.2.1.1.1. Once delineated,
the areas should be monitored periodically to identify potentially damaging
changes.

2.2.5. Include Foraqinq  Areas and Travel 'Lanes In Section 7
Consultations. U. S. Fish and Klldllfc Service Section 7 Consultation teams
should include foaging hbitat for maturnity caves, as well as other cave
roosts, in their consideration of projects affecting the habitat of these
bats.

3. Monitor Population Treeds. In order to measure tbe effectiveness of
the actions t&en as part of this recovery plan, ;t will be necessary t o
ragularly monitor the status of selected populations. Population declines
~111 signal the need for corrective action, and increasbg population should
be wed to meetswe progress towards the prime objective of removing the gray
‘bat from the Endangered Species List.

3.1, Nonitor Status Qf Popuiacions  In Hibenacula.  The Recovery
Team in cooperation with the U. .S. Fish and Wildlife Service will deVelOp a
monitoring system and implement a ceruus of Priorfty 1 hibernacula every
three yeafs.

3.2. Monitor Status Of Populations In Maternity Colonies.
Priority 1 maternity colonies of this speciw should be monitored annually as
described in Item 1.2.3.
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3*3. Monitor Residues Of TOXIC chemicals..  The possible influence
of pesticides in causing the decline of insectivorous bats has been reported
and a recent study has documented mortality and probable population decline
in gray bat8 hsultlng from routine pesticide usage (Clark et al., 19781.
Tbe following parameters should be monitored if this Is suspected.

3.3.1. Samale Insects. Where bat mortality has been demonstrated,
insect samples from known gray bat foraging areas should be collected and
analyzed for toxic chemical residues. Slgnfficant amounts should be traced
to their source, and cornctive.actioa taken.

3.3.2. Smnle guano. Uhere bat mortality has been demonstrated,
guauo samples from summer cave roosts should be analyzed periodically for
toxic residues and soy si@ficant  amounts traced a3 in item 3.3-l.

3.3.3. Sample Rats. Aay analyses of lnseot or guano samples
containing sigdficant amounts of toxic residues should be reported, and
samples of gray bats from these areas should be analyzed directly for
residues. had bats sbould be used whenever possible. Corrective action
should be taken as in item 3.3.1.
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PART III

MmNTATION

Riorlticr in column four of th8 following implementation rchedule are assigned
a8 fol.lolm:

1. Priority1 - All rtiqm tht are absolutely emential to prwent
extinction of the rpexles:

2. Priority 2 - All actions nece8urp to mainufn the 8pecie8’ current
population rtatua.

3. Rioriw 3 - All other actions neceraary to provide for full recovery
of the rpecler.

I. - - .
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STATUS, CAUSES OPDECLIT5E, AND- OF 2NDANcmED CRAY BATS

l¶EZLIH D. TIKTLE, Vertebrate Ditision, Milwaukee F+ublic Mumum, Hilwaukee, vf 53233

Ahtract: Tuentytvo l ⌧mar colonits  of the endangered gray bat, Myotir  gri8e-
weno, were enrwed in 1968-70 and 1976. A coluemative  estlmste revealed 8
54% decline in that tloc period and a 76x decline from known part maximum
population levelr. A rtrong a88ociation b e t w e e n  d e c l i n e  and dlrturbance  b y
people in vve8 vu oboeroad. Some major colonier dlrappeared  entirely athin
the 6-yeu  period. Gray bat8  ue rc8tricted to cave8 year around and, due to
8peclfic  temper8tnrs ad foraghg habitat requfrmntr,  they aggregate in
iuge cclonles In f e v e r  than 52 o f  a v a i l a b l e  cams. Matigcrprnt  r e q u i r e s  t h a t
the 9 kaown hibernation cave8 receive imediate protection, followed by prottc-
tion of the mart fmportant 8unmer uve8 ured by bat8 from each protected winter
UVG. Adequate protection may prove imporrlble  wile88 accompanied by public
education. ~nvfrOZ?Sent~  di8tUrbaIXe8  8UCh U pcrticidcr CoUtJoBinatiOn, V8tU
pollution 8nd rlltatlon, and deforestation may pocc 8trlou8 threat8 and require
further lnve8tlgatlon.

J. UILDL. wI&GE. 4X1):1-17

Population8 of 8ome North American inmectlvorour  bat8 l e known to have declined
markedly in m8ny area8 over the past 26 year8 or mre (Bohr 1952, 1953, 1972, 1973,
Cock&m 1970) (C. Joner 1971 ami J. S. Flndiey 1973, in unpublirhed  reports).

'Ibe c&use8 l nd rates or atent of dcclixxe rarely are veil damsmuted. Quantf-
fication of decline fr hampered by the difficulty  cf 8ccuratciy cezmuring lwge
population8 (Davi8 et a. 1962) and by tte variation among ter&xxlque8 wed by
different inveotig8tars fkmpbrey 1971), even for the 8a.m populrtlon80  The
problem of dettrmiting csuee8 ir complicate&  by tba fact tkt population'trends
and uu8e8 Of de&De8 may vary greatly mow 8padt8, ever T&thin a 8fZ@e
locality (Cockrum 1970, 30hr 1972j. But the prlaary impediaent to uaderrtandlng
yu8e and effect rclation8hlpr  is that Qxsl movement pattern@, location8 of
alternate  roortfng dte8, and ceasonal bthatior  generally are poorly kuowa-

fn Thor paper, I prcmnt my ob&crvatlone  on the decline of gray batr, dircurr
8OWe of tbt problem sncouutered in evaluating :he rtatur of lsst popult,loru,
poht ant immediate managemett  needs, a n d  snggrt area8 o f  concern that  r e q u i r e
aciditloud lnvertlgstfon, Although gray' hat poplatlona huve declined ala&n&y
in parta Of th8ir ra~gc (Barbour and Davi8 ?.969),  m8t report@  02 colouy  lOCatiOn
provide little 1y)zc than vague crtlrpaees  of uwbers (Hill and Wileon 1966) and
are of minfmal vdue rn crtlmating popuI.ation  tradr. In the present adyaS8
1 ra8tricted my8tif to 8 representative rmagle of uy mo8t inteu8lvelp studied
ioditler  in Alabama and Tenne88ee. Local Povemet.t  patterruB, foution8  Of
altcrutc  movement patterm, location8  of alternate roo8t8, and reaeonti be-
havlor are uausually well documented at these localities (Tuttle 1975, 1976a,b,
Tuttla and Stevensop 1977). and ctnmming techniques have been ccmlrtent
throughout.
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KETHoDs

Bat Population Estimates

Zztfmates of past and present populatious  of gray bats were made in more than
'- 1GG caves in late July and early August from 1968 to 1970. During 3 weeks
.’ from 28 July to 17 August 1976, I resurveyed 22 of the summer colonies that in

1968-70 had shovn the least decline  from their prior peak population sizes.

Population estimates were based on the area of stained cave ceiling, area. covered by the eldsting colony, and hrea covered by old versus new guano de-
posits. Length and width of each part of irregular shaped  roosts or diameters

." of round roosts (or guano deposits) vere measured with a SO-ft steel tape, and
- these measurements were used for calculation of the number of square meters
. covered by roosting bats. Only well-defined, clearly reddened areas of stain-

ing vere included in meas-urmnts of roosts, and guano was me8s~ed only to
the edge of ecctitions that tlearly were dropped by roosting bats. I care-
fully avoided measuring areas around old guano piles'that  appeared to b? the
result of outward spread of steeply conical-shaped deposits.

In all calculotious  of colony size I assumed the mean clustering density to be
1,828/m2 (Tuttle 1975)) multiplied this density estimate times the number of
square meters estimated  to have been covered by roosting bats, and rounded to
the nearest hundred. Although density of roosting bats varied rrmong colonies,
due to differencw in roost tenure and configuration, it appeared to vary
only slightly within individual colooies, regardlws of changes Fn colony
size. Consequently, variation in clustering density is assumed to *have had
minimal effect in biasing estimates of population trends within colonies over
time.

The largest past colony sire achieved in a given cave was cslculated from the
area of staining on the roost surface or, in a few instances, from the area
covered by old guano deposits.. Boost staining on cave ceilings apparently re-
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quires many years 8nd may not occur at all in a few cavw. Ln such caves I
vas forced to rely on aeasureunt of old guano deposits. Bacausc guano falls
directly to the floor beneath clustered bats this measurement provided a good
alternate estimate. For the same reason, the area covered by new guano provided
a good indicatfon  of siaa of extant colonies in 1968-70 and again in 1976.
Visual obserPatioas  of clustered bats were often used to verify my conchsions
regarding roosting configuration l rui dansity but only twice were they used
as the basis for final estimates of population size.

I"& classification of guano as new or old was made as follows. Guano deposited
during tbc current season is recognized by a combination of factors such as
kind and stage of growth of associated fungi, general moisture content, appear-
ance rod odor of the guano, kinds d life stages of iavertebrates present,
stage of decay of dead young bats, and amounts of guano removed by streams
known to undergo seasonal fluctuatiou.

Disturbances by Humans

?raquency of human disturbance was estimated for each roosting area based on a
cumbfnation  of landovner and local caver  observations, and on my own vcrff.Aaa-.
tion through evidence men  near the roosts. I lumped numeric disturbance esti-
uteo into utegories of rare (1 distrubance  or less/2-moath  period), infrequent .
(lkmth), u&rata (24/mmth), and frequent (more than S/month), aad these
uere compared to calculated rates of decline in the period 1970-76.

The direct irrpact  of distrubancc is difficult to evaluate. Bare sod frequent
disturbance categories vere easily assigned, but the Podcrate and infrequent
categories vere, at best, only approximatfono. Furthermore, even absolute knar
ledge of disturbance trequency is not ncceosarCLy  an adequate indication of dis-
turbance inteusity. Impextant  determbasats  of Xrrtansity iwcS.ud~ (1) seasonal
an&  daily timing of dLrturbance, (2) bcight  of roosts abow cara flwr or uater,
(3: nearness of rocato tc the aos% hesvily explored p8nsagkc,  (4) presence of
alternate,,  less acceorible roonts, tit’hin tha cave, (S) length o.f disturbance.
ad (6) kind o f  dzbttzbance, ine ., l cddeatd versus randalitatic. �

I asmused that toot dLstur*banch occurred in the ciaytime when it vodd be most
-ww. Since all caves cenmsed vare rued by beta alwast ~chm~vely frm
April through October, human vLsitation in other poathf vas conryfdarcd  to be of
Little or no cowequence. Bat colouiu that mosted high above cave floors or
beyond deep vatcr or muddy or dangeroti pacsagss vere Lesst disturbed by indi-
vidual huaan visi~:s., The average length of time of disrurbauceo could not be
dstemined, but evidence of van&liso in the form of stic*ks, rocks, fireworks
f'zagmnts,  spent 4mtp and rifle cartridges on guano piLer, smoke staics on
tailings, and dead bats often pro&cd cLrrcs  to the kinds of disturbance. My
esthete of disturbance frequency repraselat  disturbance at or near roosts
rathar thaz including every human visit to any part of a cave. Even so, I
could not q.uantify  the effect of vandalism or height above floor.
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BESTJLTS

The estimated maximum past population for the 22 localitiw censused MS
$,199,000. By 1970 numbers had diminished to 63S,700, a 47% reduction, and -
just '6 years thereafter the canbined population had fallen to 293,600, an
additional S4X reduction (Table 1). .

In 1970, 7 colonies were still as large as their sll-time past maximums; how-
ever, by 1976 this nunbet ma reduced to 4. The largest maternity colony in
the stable category in 1970 (population of 111,400 in cave 19) had declined by
at least 9% by 1976. Whereas this cave housed the largest gray bat maternity
colony known anywhere within the entire species range in 1970, and was used
continuously from early April through October, in 1976 not more than 6,000 gray
bats visited the cave at any time, and none used the cave for more than a few
day0 in succession.

From 1970 to 1976 evidence of human disturbance, and especially vandalism, in-
crcaaed markedly. When estimates of disturbance are compared vith those of
percentage declines by locality (Table I), it is clear that mean rates of dis-
turbance and decline are related. Nevertheless, the unexpectedly small decline
in cave 11 and the considerable reductions that occurred in caves 6, 7, 10, and
17, for example, mpy indicate the existence of fctors  in addition to disturbance.

Colonfes in caves 20 to 22 were exceptional because their marked Zr=*Lfnes may
have been caused primarily by single events. C8ve 20, according to the other,
had been visited by a group of teenage boys who shot large numbers of bats at
their roosts,and during evening emergence, Many spent cartridges in the cave
verified the report. Caves 21 and 22 had been gated for protection of bats,
but their colonies refused to return due to inadequate gate dwigns (Tuttle
1977) and are feared lost.

Beducfion in the number of individuals in a colony can have an effect which
brings about further decline in numbers. Thcnaoregulatory  requirements may
rwult in a baseline population size, varping among caves of different temper
atures or ceiling configuratiooa, below uhich a matcrafty colony cannot  success-
fully rear young (Constantine 1967, Tuttle 197s). Colonies in S caves (Table
1).changed from mternlty to bachelor status from 1970 to 1976. Four of those
had undergone major population decline (43-952) during those years. This prw
oblem is aggravated by the colder nature of the secondary roosts to which the
bats retreated to escape disturbance. The implications of these effects are
of great concern. Due to the long lifwpan of adults, colonies may appear to
be relatively stable for several years, even after young are no longer success-
fully reared. Extinction of such seemingly stable colonies could then occur
rapidly when the adults reached the end of their life span.

DISCUSSION .

Censusfng  Problems
.

Although a variety of different censusing techniques has been used by other
investigators (Humphrey 1971), none is suitable for large-scale censusing of

I
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%ble 1. Census data from 22 summer gray bat colonies subject to different degrees of
wturbance  by humans during April through August.

.

C8ve number0 Number of gray bats X population decrease
by disturbance Haximlm Fran max. 1968-70 Total
cat l gory pm-1968 1968-70 1976 to 1968-70 to 1976 max.-1976

<l per month
la 20,400 10,200 10,200 so 0 so

2c 7,800
3c '. 4,000
4c 12,200
Se 29,800
6c 17,700
7a .12,2m

6,100
3,900

12,200
19,000
10,000
12,200

6,200 22
4,000 2

l2,200 0
18,700 36
8,000 44
9,700 0

ii 21 0
0 0
2 37

20 ss
21 21

2s,soo 10,200 6,SO0 60 36 74
36,700 lS,600 9,200 97 41 7s
46,200 46,200 18,900 0 99 s9-

219,400 174,700 127,500 20
121,200. 32,SO0 18,500 73
23,8OG 12,200 6,100 49
r9.100 19,100 8,?00 0

126,400 26,200 9,100 79
31,100 31,100 9,QOO 0
12,800 9,400 0 27

27 42
43 89
so 74
5s ss
6S 93
71 71

100 ' 100_

127 ,SOG 2a,600 4,100 78 86 97
111,406 111,400 5,100 0 9s 9s
U,60G 13,600 1,900 l3 86 88

X32,600 10,900 0 92 so0 100
45,6OC 20,400 0 5s 100 100

1,199,OOO 635,000 293,600 47 54 76

1 per mnth
8a
9

loa

2-4 per month
C

Eb
13c
148
1sb
160
17c

AS per nronth
18c
19b
20b

Gated-1968
210
228.

Totals
.

.

l Maternity site.
bMaternity site in 1968, bachelor site in 1976.
%chelor site. .
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gray bats. Emergence counts, including those incorporating photography, are
not feasible due to factors such as dens-e surrounding vegetation at some sites
and multiple cave entrances at others, and are of no value in determining past
population sites. Techniques requiring direct observation of bats at their
roosts must be restricted to daytime during the maternity period in order to
find maximum or even constant numbers of bats in a single cave, thereby causing
major disturbance and mortality of flightless young. A athod whereby only t h e
young were obserrred  sfter the adults emerged to feed at night, combined wit@
entrance trapping, MS used by Tuttle (1975) and rwulted in minimal distur
bance. However, that method.1~  time consuming, useful only during June, pr-
vi&s no means of comparing past versus prwent population sizes, and still
causes more disturbance than the techniques wed in the present study.

Timing of censusw is important. host summer coloniw of gray bats use several
different caves in a home range area which may be as much as SO km long, and
they may occupy a succession of several cavw through 1 season. Th is  nod
movement 8mong caves makes censusing difficult and requires 8 prior familiarity

with each colony’s normal preferences and timing and patterns of movement.
These movements have.been documented in prior (Tuttle 1976a) and continuing
studies of 40,182 banded gray bats from thwe and adjacent colonies.

Maximum coacentration  of a gray bat colony takes place during June vhen young_
Lre x=-red. A gradual breakup of colonies and movement among alternate caves
often wxurs by late July or early Augwt (Tuttle 1975, 1976a). Censuses con-
ducted in April or May wually include only a fraction of a given colony and
might cause abandonment of preferred roosts. Those made in June or early July
entail some level of disturbance of maternity groups. Although colony breakup
often already had occurred or was in progress by late July and early August,
sampling was done then to avoid needless disturbance during critical' periodo,

-. while still sampling the peak population for the year. Use of areas of stained-. ceiling and of old versw new guano deposits miaimized the problems posed by.-_ disturbance or colony breakup, because in most caves it was unnecessary to see
the bats. Censwfng later than mid-August is InadVisable due to potential
loss of evidence such as new guano (through flooding) or fungal growth.

Because entirq colonies of gray bats, including reproductive femalw andbach-
elor groups (adult malw and nonreproductive females), often rgsegate’in a ’
single cluster in maternity caves just before parturition or following fledging
of young, my censuses of maternity caves often represent entire colonies. On
the other hand, censwes in bachelor caves frequently do not. Nevertheless,
caves chose for this 8n8lynis all appeared to be essential focal points of
activ$ty for their colonies, and fluctuations of numbers in these csvts should
indic8ted changes over time for their respective colonies.

AU addi:ional censw  variable is that coloules often move among several alter
nate roosts within 8 single cave at lo- to 140day intervals within 8 season,
except when fLightless young are presee. For this reason it is not rccurate
to measure cd caabine aL1 areas of recent guano vithin even 1 cave. Instead,

. in a maternity cave I located and measured the maternity  roost only, ignoring
the smaller nonmaternity roosts. Maternity roosts vere recogniaable,  almost
without exception by the presence of at least a few dead young and unusually
large numbers of mltes

.

L
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that result from long, continuow use of a single roost. In caves used only by
bachelor segments of coloniw, I simply measured either the largest stained area
or gwno deposit, or wed the average of several that ware of slmlhr size but
of raied shape.

Simultaneow we of 2 or more rooots in a single cave MS uncommon but most
likaly to occur where coloniw were large or where suitable roosting surface
was lfmited in any 1 place. Such behavior was easily detectable through obser
ration of guano decampositioa and associated fungal and invertebrate fauna1 in-
dications, and in these cases the different are& vere combined. This problem
had negligible effect on the wtimates of 1970 or 1976 popuhtiow.  For wti-
mates of prst populatious it uas impossible to detect simulataneous we of’
multiple roosts da a single awe. Bias of this kind undoubtedly led to under
estimation of pat population maxima.

Another source for underwtimation  of past population figures lies in the ease
with which wen sizeable guano piles are made unrecognizable. Two l xsmples of
the possible extent of past population underestimation due to this bias were
obsemed.

Paul B. Robertson and I measured areas covered by old and new guano in cave 18
on 10 July 1968 and found a siugle deposit 12.2 m long by 10.7 m wide and 2.4 .:
P deep, giving an estimate of past colony size of 238,600. Hmever,  dw to
the possibility that 2 adjacent roosts vere used alternately to produce the
large area of guano observed in 1968, I later averaged our 1968 measurements
for 3 different roosts in this ewe, arriving at a figure of l27,SOO. By July
1976 this deposit was virtually unrecognizable due to heavy traffic by spelunkers.
The guano had been scattered, compact l d , and covered with clay carried over the
surface by uuddy feet. For unknown reasons, ceilings uhert bats roouttd were
never stained clearly, so if I had not visited this cave in 1968 and earlier I
would have ewpscted a past colony size of no more than 30,000. Nevertheless,

careful recent obsemations at cave 19 indi~te that even the figure of 238,600
f o r  past size ceuld ba a cousidarable Cathate.

In cave 19, from 1969 to 1970 messuramnt of recent guano and direct obscma-
t%on  of the bats india~ted that, during periods of maximum we, the cave housed
X3,400 or mre gray b8ts. 7et 'by 1976 t'his cave was used infrequeatly by smkll,
transient bachelor gmxps, and such widenca of past we had been obliterated
by flooding rtstrvoir uater and by the muddy fact of spelunkers. Additionally,
in this ewe tbre were S dluthat roouting arws, and during its period of ma%-
tiam we all S roosts‘ and much area bet-en them, nre being wed simultnneouoly.
W3Amt prior 'kxmwladge, only 1 rowt vou.X hwe been counted, leading to an
underastimate of roughly 80%.

A third source of past population underts;sinution rtsultrfrmn thz slowaers  of
the Pcost staining process. In S other casts vhtrt colonies were stable or
growing 8nd roost 6taLning was distinct enough to permit raliablt comparisons
between area of staining aud area covered by bttr or by new gutno, the 1970
colony sites averaged ll% (range 7 to 17%) larger than the maxim area of roost
vtriningvould  haveiadiuttd.
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In mummy, the varied, unavoidable blasts discussed above all tended to obsure
rather than accerttuatc detection of decline over time. Other potential problems,
such as inaccuracies involving estimation of areas covered by irregularly shaped
roosts or of meair clustering density, could have biased my estimates equally in
either direction in any glvtn cave. Since these problaus appeared to remain
constant in most caves, I believe that they have caused negligible error in my -
conclusions.

.
causes of Decline

The gray bat la, perhaps, the most narrovly restricted to cave habitats of any
P. s. ~1 (hall ard Wilson 1966, Barbour and Davis 1969, Tuttle 1976a).
With rare exception (Rays and Blngham 1964, Cunicr and Elder 1971) lt'llvcr in
cavte year-round. In eumaer, gray bats select only a few caves, which must he
located near (rarely more than 2 km and usually less than 1 km from) rivers or
reservoirs (Tuttle 1976b)  and provide certain temperature or roost condltlons
(Tuttle 1975). They hibernate in deep, vertical caves of uccptlonally low
(6-u C) temperature (Tuttle and Stevenson 19781, and often travel hundreds of
kilometers in order to reach these scarce sites (Tuttle 1976a). As a conse-
quence of their combined therwrtgulatory and other habitat requirements, gray

-. bats congregate in larger numbers and in fever hibernating caves that am other
North American vtspertlllonld. 'This concentration of such a large proywtlln
of the known population into so fcu caves coastltutcr the real threat to their
sun7lval'  (xohr 1972).

In the present analysis I complctcly ignored caves uherc the greatest reductions
already had occurred or vere clearly in progress in 1970, concentrating only on
those colonies which appeared rtablc enough in 1968 to I970 to warrant further
attention. Consequently, it 18 important to note that this report is on the

._
status of gray bats only in the 'healthiest' summer colonies of gray bats that
were knovn to IDC in 1970, in the area of gray bat dlstribuzion  south of Kentucky
and east of the k!issisrfppl Blvcr. It is probably, therefore a gross undercs
timatc of true population losses.

Disturbance and Vandalism. -In a brief plea for bat conservation, hanvills '
(1962) noted the extreme vulnerability of the gray bat to human disturbance
and vandalism, and Barbour and DavC,s (l969) pointed out that 'in the lart few
years human disturbance has threatened the very edstcnce of the species.’ They
concluded that -. . .kf. grisesctns  is destined to continue a rapid decline in
numbers and probably faces extinction. In the course of my field studies of
this species from 1960 to 1970, I noted numerous examples of local gray bat
extirpation throughout the southeast both as a rasuLt of apparently innocent
disturbance and of direct, intentional vandalism.

.

In 2 summer caves ln Tennessee, for example, I estimated that approximately \
h&f a mfllion gray bats already had been lost prior to 1960. In 1 case the
owner of a comcrclalircd  cave personally described to m how be and Ns assls-
tams hod klllcd bats with torches. In the other cave, cclllngs were too high
to permit much direct destruction, but the bats apparently were’ driven out
simply by th high frequency of human visitation. Already, in 1968, gray bats
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vere gone from many and possibly most of their previously occupied caves in
Tennessee. The largest remaining summer colony in the state (cave 10) numbered
only about 46,000 and was down to roughly 19,000 by 1976.

During the 1960's old-timer8 frequently enjoyed telling me that when they were
children, bats emerged from local caves in great clouds and that they killed
the emerging bat8 vith 8UitChe8, just for fun. Bats frequently were caught St
roosts in caves, to be rrsed in local pranle. Also, due to premature,crroneous
claims frar local health authorities (Fredrickson and Thomas 1965), some cave
ouner8 tried to atcminate entire eolonlu on their propertle8. An elderly
man who had owned cave number 1 for many years told me that rabies rc8carchcrs.
informed him that his hats verc rabid and would transmit the disease to his
cattle  if he did not get rid of them. Consequently, he poured fuel oil into
the cave where the b8tr roosted l ud lit lt. Most of the colony apparently
escaped, and since my first contact with this landowner in 1968, these bats
have received strict protection and have remained stable in numlsrs.

A8 these account8 demonstrate, it was apparent prior to my 1976 invtstigations
that human dbturb8ncr ~8 often a primary cause of gray bat decline. Never
thdcri, no one had attempted to quantify a cause and effect r~atlonshlp,  and
other 80urce8 of SttUS were unknown. The rtlatloo8hip  between frequency of
disturbance and mean rater of decline found in this invcstigatioa is obvious.
The 2 most heavily disturbed caves lost of 902 of their hats while 5 co~ouiu
in rarely disturbed caves remained stable or nearly stable. Nevertheless,
considerable variation &stcd within SW olasser of disturbance.

The most extreme variation (caves 11 and 17) appears uplainablc based on cave
rltt and contours and location of roosts. In cave 11, bat8 roosted approxi-
mataly l5 P above the floor over an area of large guano-covered boulders that
appeared t0 keep tkO6t 8pdtmkers  from getting C1CSe t0 the bats. Aproachlng
cavcrs did not startle the bats and usually kept at least 50 m away from them.
The dlsturbanccs, while of m&rate frequency, were not intense.

Cave 17 illusttater  t'he opposite extreme, where nearly every disturbencc was
intense~ The bats roosted only lOta a insi&  that cave, l rd 2 P above, ::hc floor
vhcrc anyone exploring the ema parsed by c1omely. B&t8 could not detect 3x-
t.ruderc until rhc lntzuderr rounded o nrby comer= The roost uas lotatcd
over water deep enough to drovrt  fallen young and possibly some adults, but uot
enough to deter CSmflio Fi.uthemore, such 8 roost was upeclally  vulnerable
to lntc=rtion8l  vaahllsr,

Y

Much of the resaning variation within disturbance categories (Table 1) coul'd
hcve renulttd from fafhre to.quantify intensity of disturbance. Sfngte acts
of ckstruction co&ii greatly alter mtragc trench. lLf80, 'i probably erred
ocuriona~y, arpccl~y in the 2 inttrmcdlatt categories, in tstimati~g fre-
querrcy of df8turb-s.

Emigration to Other Caves.-Cavers and others often have speculated that'vhen
bats abandon oue cave, they move to another pretiously unoccuplcd cave. ISor
ever, this rqaly otfars. Gray bit colonies are cxrremely  lo@ to single
caves or groups of caves (Tuttle 1976a) and usually have cuvlronecntaUy  limited
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ability to oovt to alternate caves for tb rearing of young, even vlthln their
ovnhtme range. They require caves of sptcific roost and temperature condi-
flow and maternity  colonies art found only in caves that art near a river or
re8tmoir.

Any cave that is used only as an alternate, transitory roosting place undoubt-
edly rtctivu such limited use for a good reasonI Some essential condition is
not continuously ut, or the cave is too heavily dirtuxbtd.  Con8tquently. only
a small proportion of tbc cavu in any area art or un bt used regularly. ti
Alabama, for txamplt, although 1,635 caves had been mapped by 1975 (Varaedoe
1973, 1975), only 39 (2.4%) utrt known fo have sheltered even small summer col-
onit of gray bats. Two more (0.1%) vtrt used for wlnttr hibernation. These
figure8 art the Ttsuh of my own survey8 combined with assistance from members
of the Euntrvirle l ud other Alablama  grotto8 of the National Speltological
Society. Even if fhtst figures were doubltd, 95% of Alab8ma's caves would not
have bttn used by gray bats.

This sptcitr probably occupied all suitable c8vts within its range long before
t h e  arrival of modern man. In suppport of this btlitf, I havt not obsetptd the
tstablishmtnt of a single new colony in a prtviouely unused cavt in 17 ytar8 of
work in mart than 200 southtasttm cavts. Gray bats readily colonize newly

,- availablt sites such as storm severs rad abaai .u(PI-$nts when these slets pro-
. vi& required coudltious (Hays and BinghrP 1964, -i&tA, unpublished data).

Any cave not already used by gray bats, however, rbould be asrumtd to be uu-
suitable for future use. Such caves probably do nof provide ust~~ial ttmptr-
aturt or rooqting  conditions, art too distant from acceptable foraging or hiber
trnating silts, or art too vulnerable fo predation or flOOdinga others that

_ have been used but that art now abandoned may be recolonized. Prior to any
reuse, hovtvtr, these cams would have to rectlvt strfct protection from human
disturbance or other tnvlroumtntal perturbations which caused their abandonment.

- Although approximately 23,000 'banded gray bats havt been recaptured during my
studies, I have found no evidence of successful emigration by members of declfn-
lag colonies to previously unoccnpltd came or to caves out8idt the colony'8
originally occupied home range (Tuttle 1976a). Mar cave 19, where somt 111,000
gray bats disappeared in only 6 years, 1 CtMuStd  3 Other  c a v e s  th8t wtPt Urtd
by gray bats vithin a 30 km radiu8 and found decliner in all 3. Cave 11,
located only 20 km away is kiowa to stat u eht primary roosting phct for the
bachelor eegmnf of this colouy, yet even thtrt number8 fell by 27X. There is .
no ttidtnct  that any nearby cave sheltered 8n increased number of bat8 following
human vandalfsm and disturbance in cave 19.

Further studier of bUg-ttm change8 in relative rtcapWrt ratt!B aamng colony
cohort8 at winter hibernating sites have Sbtd addlt;onal  light on this subject.
Over the past 9 years the cave 19 cohort (19 - 1,274) hat shove a grtatsr dtsline
(P < 0.01) than'tht cohort (N - 5,713) in the stable cave 4 celony (Stevenson
and Tottlt,  In prep). Based on this and additional winter band recovery data
from tht otbcr.localfties,  I btlitvt that few dttines noted in this study can
be attributed to simple tmigiition.
Enviro-nt8l Disturbtncti .-I hoped notonlyto &antifytht relationship bt-
twttn disturbance and dtclint, but also to defect additional .factors.  The
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very large proportion of gray bat decline that appears to be directly attribut-
able to human disturbance renders  detection of other potential problems cJttremtly
CwfiCul~. Tht facf that 5 of 7 rartly disturbed colonlts rtmintd tsstntfally
stable over the part 6 year8 ctrtaialy is encouraging when ont considers tht
pottntlal  for rtcovtry if human disturbance can bt controlled. Unuplalntd
dtclints of roughly 20% in caves 6 and 7 and the relatively high loss in cave
10, bvtvtr, m8y indicate stressful influenct from other sourct8 88 well.

The  pssiblt influtnct of pesticfdts  in causing dtclint of North American pop-
ulations of instctivorous bats has been reported (Hohr 1972, Rtidingtr 1972,
1976, Qark and Routy 1976, Gtluso  et tl. 19761, and a rtctnt study has docu-
rrnttd rottality and probable population dtcllnt in gray bttr rtsublng frw
routine fnstcticidc utagt (Qark et al. 1978). Clearly, fmthtr invt8tigation
is nttdtd. DOti  Clark ht8 received and 18 CtrrrtUtly aXdysi?hg Saf@tS Of
gu8no from each of tht 22 caves censured in this study. Bir initial results
(P-8. cm.) suggtst coruidtrablt  variation amng localities, with levels of
PCB, DDD, DE, htptachlor tpoxidt, or lead l f possibly dangerous ltvtls in the
guano from stvtr8l c8vt8.

A furthtr possible cause of dtcllnt may involve other chemical pollution or
Siltation of vattmys over which gray hats forage. Although StUditS of sptci-

. fit prey prtftrtncts~-azt4%o~  ytt canplttt, g~ty bats art known to forage prl- -
wily over rivers, st'rtams, and rtstrPoirr (Tuttle 1976a.b. kVal et al. (1977)
where,  among other insects, thty consum largt numbers of mayflits (Tuttle 1976b,
Taflt, Stevenson, and Rabinovitt, in prep.). Htyflits art thought to be quftt
stn8itivt to aquatic pollution. Through broad areas of their fomer habitat,
they have bttn virtually eliminated, and they art now rare In other areas of
fomtr abundance (Frtmling  1968). Clearly, such decliner could prove diu8tTOUU
for predators that depend upon them as 8 major food sourct.

I have found few obstr9afions  OE tht potcntid tfftcrr of cllta~ion. CUlandtT
et al. (1967) sttmed eo bditvt that af ltasf scat sil~tlon  bcntfittd nymphs
Of tht 2 SptCitS Of EUfilitS that thty StUditd, but other rptcic,s apparently
art unable to rumkvt vhtrt Che substrate con8i8tr of mud or silt (Lymn 1943,
mhall 19671, AX fttsf in area3 surrroundlng tht &mbtrland PlattaU in
KentuckyaadTexmea8ae, recent incrtases in strip mining hove pzoductd'ltvtls
of siltation which could have tgtremt and farreaching tfftCt8 on aquatic

biota and conscqutntly on the f uturt surplval of any gray bata living along
afftcttd  vattnmys. Norm of the 5 colonits that remained relvrivtly stable
between 1970 and 1976 foraged over heavily silted vatemyu. 3nt that did
(from ctvt 20) dtcUntd  markedly, brat vatiallsm WE so intt-e thtrt that it
alone nny have l c6euuttd fot cht 86% loss. Problems involving eht effects of
both chtdeal rnd silt pollution on tht l quz.tic instcto  upon vhlch gray batt
depend nttd mart in~t8tig'ttiO~~

Additionally, dtforteration of areas nttr c&w tntrancts and bttuttn caves and
rivers or reservoirs vhtrt gray bats feed may have affecrad thtm detrimentally.
In britf, perhaps criricdl, periods during txce~t1onalI.y cold upring veazhtr I
have observed that gray bats somttimes appear fo limit much of thtfr foraging
utlvltits to forested areas near their caves. tiSO,dtrtiIlg tVtni~ t=~tMt,
gray bats u8uaUy fiy in tht protection of forest unopy tn route fo rivers or
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rtst~oirs where they feed (Tuttly 1976b). I repeatedly have observed gray
bats traveling considerably out of their vay in order to takt advantage of
evtn scattered trees along a ftnct tow. ,I also hart tttn screech 0~1s cap
turing emerging gray bats and have obserPtd that these owls have much grtattr
difficulty when tht bats art able to takt cover in the fortst canopy.

Female gray bats product thtir lst young when they art 2 years old (Tutflt v
1976a) and thereafter product only 1 per year. Clearly, with such low rtpro-
ductivt rates, even slight increases in predation could prove significant.
Young gray bats art slow and clumsy fliers during their 1st wttk of flight, and .
at caves surrounded by forest, thty often spthd several nights foraging in tht
forest before vtnturlng father away. The frets provide c0uvtnitnt resting
p&c88  for weak flier8 and PTOttCtiOU froa predators and wind. Factors such
as &forestation may account for the fact that at lea8t 2 oolonit8 (cmmr 1
and 5) have markedly declined in tht past but stabilized at reduced slrtr
recently. Dtfortstation,  however, cannot have cauttd losstt since 1970 in the .
22 caves studied btcaust no major cutting of timber occurred near any of them
in that ptriod.

Natural Caladtlts.-4avt flooding is by far the most important natural calaw
ity faced by gray bats, and it is becoming lncrtaslgly important as they re-
treat farther back, into fnacctssibIt  places to avoid human dlsfurbanet.  Summtr
colonlc~.af~c~ rttrtaf to roosts. over deep water in order to avoid disturbance
by humans.-"&. some caves this is a succtssfti avoldanet  strategy, but in othtr8
such roosts btcomt death traps during flooding.

Ikr 8ddltion8l  problem involves cave entrance closure. On rare occaslon8 cave- _
ina or gradual fill-in of slnkhol.t entrances rtrrdtr a cave entrance or an la
portant passage too rmsll for a large colony to pour through without greatly
incrtastd danger of predation. Olu Florid8 cave was abandoned by a large
martrrrity colozty folloalg tht COlbpSt of tht htgt8t of it8 3 tn~ranctb~  No
other cause for the abandonmat  could bt fad.

Impoundment of Uattruays.+ray bar: prtftrtnct for caves near rivers has made
thtir roosts particularly vulntrablt fo inundation by ma-& impoundments.
l?rt inltfi tfftct of long-tstab~shed  impoundments, such as the kme88te

. Valley Authority rtstrrroir system, 18 difficult to evaluate dut to a Lack of
prt-impoundment data. The little information available indlcattr that many
important cavt8, and probably their bat populatloar, were extirpated. An
accounZ by H'Murtrlc (1874) dtSCTibt8 a cave in Alabama, since flooded by 8
reservoir which ma8 'inhabited by countltss thousands of bats' and had guano
pi188 4.5 P dttp. Longrime rt8idtnt8 have told m of many other such caves
now subpprrgtd. Timing of the lnltal flooding may bt a critical factor ln
whethtr tht flooded populations art destroyed immeditatly. The bats’ strong
philopatry  and narrow ecological rrquirementr,  however, ndt sur~lval of
displaced population8 questionable even if they tscapt lritial dtstruction.

c
On tht other hand, it was lntially suspected that restmolrs might increase the
amount aad quality of fcraging habitat for colonits that survived (Tuttle 1976b).
Recent rtudles of gray bat foraging habitat and prey preference requirtmsnts .
support an opposite concllulon,  hovtvtr (Tuttle, Stevenson and gablnoults, in



prep.). hrthr~ort, recreational activity urociattd with rt8trPoin h88
grtatly increased the number of ptoplt viriting 'gray bat habitat, and many
caves formtrly long distances from population ctnttrs and roafiu art now within
easy access by boat.

Rioritiu  for Site Rottction.-Cltarly, the immiiatt objective must be to
rtduct humtn dirturbmct in occupied cavt8. PiTUt, the loc8tion8  of gray bat
uvts must be made  b- to appropriate federal, rfatt and private 8gtncitr
along with rtc~dation# of option8 for prOttCtio%  ~c6tions of most gray
btt wintering C8vtS UC known tb'brt rtst8rchtr8, 8nd mtny s-r UVtS a80
8rt hovn. Even those not yet kz~own to rtstarchta art uruaUy knowa locally
t0 S@UllktZ8. Access to such location lists, howtvtr, should bt stvtraly
rutricttd  prior fo prottcfion of tht citts.

BtctnSt rt8ourctr art Umittd,  there rust be somt sysftmatic mtthod  of deter
mining priorities for prowction. f proporc that 88 gray bat caves btcomt
known, thty should bt designated according to tht following categories: (1)
primaty hibtmating  caves (those occupied now or in the pu; by E;t than
50,000 gray bats); (2) ttcondary hibernating caves (those used by Lths than
50,000); (3) primary maternity uvts (those occupied now or in the put by
50,000 or more gray bats; (4) secondary materairy  caves (those presently occu-
pitd by SMiitT CO~OnitS); (5) primary baChclOT caves (those used now or I!¶
tht past by more than 50,000 malt and nonrtptoductivt  female grty bats); (6)
secondary bachelor uses (those continuing to bt ~8td by rnullar groups); (7)
gray bat cavts not included in,tht previour categories, such a8 caves which
rtrctivt oaly britf seasonal use by mmll numbers of gray buts, and aImw3ontd
C&V88 Which in tbc pat based onl? Sti1 CObPitS. Bwhtlor csvts often
shelter prtgnaa and postlactating  faaalet UI wtll as juvttilt8 l it�her before
or after th matttnirp ptriod in June and sty’ 8ometiae8 rtcefve as little as
60 days of major use annually, Their traorleut use pattern dot14 not rtduct
tht hportanct  of these cmer to their eolkU8. .

AU caves in ca:tgorizcl  1, 3, and I s’houid receive imms&'att prottctic~n, with
those in uttgorit8 4 and 6 ncxf in i&se. Catsgorier 2 ad 7 should ttctivt
emmldtration when poseiblt, esptcialzy in-marginal areas of tht spti.ct#' rangt
where iargt coionit8  donot exist. Few caves will bt included in uttgotier
1, 3 and 5, and wtr r~ztablt geo,graphic  arta outride of Alabama 8nd Tenntustt
Much iargt co2rits mty not oc.cur at 8ll. ti such art&s colwy 8izt8 accorded
prlozity status probatiy shmld be lo-red to as few as 25,000 gray btts for
category 1 anti 10,000 for uttgorit8 3 and 5. Oca~pltd caves titkin a eustgory
rhouid take priority over unoccxpitd cavts , and mm caves UStd only briefly
by spring and fG1 mig=antr may 01~0 bt critical. Individual summer COlOUftS
u8Miiy am2 , and may often require, stvtral Cffftrent cams throughoue a single
active se ason. This permits adjustment for stasondtly changing ttmptrature
rcqtirtmtats as well as for oort tffcitnt exploitation of patchy food resources.
The above rtc~ndstions art provided only as gUIdelint and are fltxiblt.

There art ody 9 caves known which fall in the first catagory (50,000 ml&mum
population), and thy art believed to con-n rooghiy 95% of tht known sptcltr
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population for half of each year. If @8]r ht8 SIC  f0 SU-iVt, it is impera-
eivt that thtst caves be ueqdrtd and prottdd by federal, state or privatt
agenc=let . Without such a&ion all Othtr mt88urts mpy prove mtaniagitss.

A8 each primary hibernation population is prottc+d, a sptcisi effort should be
made to identify and protect the most important summer colonies, tsptcfaUy in
categories 3 and 5 of which that population is composed. Only such a sy8tr
matic approach, which provider year-round protection, Epn guarantee long-ttxm
surpivd of the 8pCitS. h,a TtSdt of tXttnSiVt banding StuditS in niSSOut1
(Myers 1964, Elder and Grmitr 19781, Ktntvky (?ia.ll and Wilson 19661, and
Alabama, Florida, Ttnntsstt and Virginia (Tuttle i976a), most geographic p8t-
terns of movement art rtiafivtiy wtll known, mating this approach ftasiblt.

For example, tht most important hibernation  poulation known, with its eomplu
of ateociattd  bumtr cohnits, is locattd~in  northtarttrn Alabama. Three  caves
of this group all rtquirt immediatt protection (caves 44, 45, and 50 in Tuttle
19768; the 2 importanf summer caves - 45 and SO - art numbered 11 and 19 in
this ptptr). The  hibtrnaculum contains bttvttn half and two-thirds of tht en-
tire known sptcits popuhtion each vlnttr, is privately bvntd, and is fhrtattntd
increasingly by disturbance. Cave 19 recently has lost nearly all of its for
mtrtiy  iargt coiony, and in January of 1977 tht ouatr of cave u, the largt8t
summer colony known anywhere, applitd for federal aad state permlssloa fog con-
struction of 8 major rtsoE, iraln ridt, and trout hatchery in that cave. -:Fo-l-
lowing state approval of the impact  staremtnt, ptrsonntl in tht Dlvlsion of
Forestry, Fishtrits.,  and WildUft Dtveloptmtnt of tht kum88tt Valley Authority
using InforsPtlon on fiIt froa Tuttle, recognized tht potential disaster and
notified proper authorltits. Consequently,  construction in the cave uas Nttd
and the U. S. Fish and WlldUft  StrPict starttd purchase negotiations that will
be coarpltttd in 1978.

The loss of at ftasf 106,000 gray b8tr from uvt 19 and the near loss of 127,000
in cave 11 wittin 6 years illustrate tht nttd for iadiatt acquisition and pro-
ttcrion of CrftfUi gray bat cavCsg Equally char is tht need for lncreaatd cm-
muni~fion mug mtmbtrr of tht National Sptltological Society, bat researchtrs,
and fidtral, state ad private agencies. Many potential  problem can be dtttc
ted and avoided o&y through tht kind of InforrPatlon  achange  and cooperation
that saved cave 11. .

Public Education.--Covtmnscrrt  offitials l f all ltvtl8 should bt educated rtgard-
ia the tco~ogio~ role of bats. Many officials, through txaggtrattd fear of
bats as distast vtctor8, fttl :bat tht only good bat is a dead bat. Dlstost
problaus should be put ln ptrr~ccivt and officiala should bt informtd, for
cumplt, that tht gray bats from c8vt 11 alont coa8um more than 900 pounds of
iuStCt8 nightly aEd 80 toru anuually.

Major efforts ahmid bc made to tdueatt and gain the cooperation of land-owners.
Xany would cooperate if contacted by local viidiift officials or constrvaelon
groups. Cave ownera should be provided with an official written statement out- .
lining the basfc problan, tht potential valut of having tht hats, and federal
and state kwt and ptd.titr for disturbing them. Additionally, federal and
state agencies should  offer to post privately ovntd gray bat cams, as well as
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POStiIlg thtir own, with signs briefly outlining rtason8 for protection and
rptcific times during which entry is prohibited. At swsttr caves, this ptriod
should be l5 March through Octobtr, and at winter eaves It should be 15 August
through April. Somt caves art important to gray bats only during migration,
and others, including some m8ttrnity cam8 are used for 2 mnths or less annu-
ally. These c8vts m8y not rtqtdrt such long ptTiOdS of prOttCtiOU,  but VhtU
in doubt the btst approach is to grant March to October protection. A few
caves mu8t be ciored yearround.

Such proctdurtr inprt8a the kndOwtr that protecting bats is important enough
to warrant his participation and lets him 'off the hook” with neighbors and
other8 Who might OthtrU%St think Of him a8 uufritndiy. ti80, info~tivt
signs often tlicit cooperation even fran would-be vandals,  especi~y if a
definate fimt ptriod 18 Stipuktcd.

Methods of Rottction.4omt  gates that were built to prottcf gray bats have
done more ham than good (Tuttle 1977). and this contfnuts to bt a major pro-
km.‘ It is difficult to construct vandal-rtsi8tant gates without  rtstricflng
tht frtt movement of bats or air. Gates should bt ustd only where other pro-
ftctivt measures art inadequate to prevent disturbance. Dnfortunattiy, many
caves cannot bt adtquatcly-.pr.ottcttd  without fencer or gatts.

For advice on where and how to construct gates vtrsu8 fences for protection
of gray bat cavts stt Tuttle (1977). More invtstigation of this problem is
needed, and in the mtantimt no gates should bt built without careful pianning.
Follow-up Studits t0 tVdU8tt succt88 or f8ilurt and t0 ptmit &itngtS,  Vhtrt
required, before critical 'population8 art destroyed also art vital.

'Rogrtsa Thus Far, -Although improperly con8trucrtd gates have rcsulttd in the
lo88 of several entire colonits, some eorrectiy  eanstructtd gates have proven
succtrrful in proetcting gray bat summer ooionits in cavts 2.n ~ssouri and Okia-
haa (a. & LavdL, pets. comm.). LLeidt frum 3 lozatioas  in Missouri, most gray
bat winttritg  sl.ttr have not yet rtctfvtd adequate protection, and rtvtrai have
lort a21 or most of thtir oact large populationt. One hibemaculum'in  Arluasas
bar ken gat cd fos 3 yearu , but has received no fo~ilcw-up  study to tv&iuatt the
gate’8 effect (n. J. !.iarrrty,  ptrs. mun.). Such CSrtitSSntsS 18 POttUtiiSiiy
disasWou8.

Since the gray bat was iisttd e.a endaagtrtd (Federal Regisrer,  28 Apri2 19761,
t?lCOutagiUg pTO~t88 ha8 been ada. The 9. S. Fish and WldlLfe Strplcc 18 pur
chasing the major gray bat hlberneting  cave repaxed by IfalL and Wileoa (1966)
in Ktntucky as veil as the moot ikupet~act known amiser c,zvt (no. 12 ir this
ptlcr), rind is considering other important  acqtirftlans (Ii. W. Btmon, ptrs.
cam* 1. It ale0 has fenced and posted cave s of thi.8 study on the Uhttitt
lk~ional Kildlift Refuge. Durir;g wrt than 10 years of precipitous decline,
tht formerly large maternity colony in cave 15 had been destroyed, and only a
transient bachelor remnant of approximately 9,000 bats remained. Following
oniy 2 years of strict prottCtiOn  from human disturbance, rhir colony has now
returned fo maternity status and has increased to more than 19,000 bats.

Th ~ivirion'of FOr88tTy, Fishtries, and Uiidlift Dtvtlopmtne, Ttnnt8ste Val-
Icy Authority, is Supporting major lmtstigation8 of habitat rtquirtmento and
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status of grty bats in mete under its jurisdiction, has fenced and posted 1
auamtr cave, 8ud la initiating efforts to post ad othtnriat protect atvtrtl
other important cavea, including save 19 of this study. The Amy Corps of
Engiattra hta gated 1 summer ctvt and has ftnctd another in Niaaouri, and has
funded research cm habitat requirtmenta in that area. The Mfaaouri Dtptrtmtnt
of Gonatrvation in ttrly 1977 hired Richard and Xargartt hVal to conduct
further 1nvtatigatfona  of the atatua and mtnagtmtnt  needs of gray and Indiana
bats (eotia aodalia) in Niaaourl and has acquired 5 gray bat caves with fur-
thur purohtata ant iciptttd.

Studies Netdtci.-Cray  bat ataaontl habitat requirements (Tuttle  1975, 1976a,b,
LaVal et al. 1977) and movement patterns (Uytra 1964, Eall and Ullaon 1966,
Tuttle 1976a, El&r and Cunitr 1978) art relatively well understood, and avail-
able information is adtquttt to permit managemelJt  initiativta. Ntvtrrhtltaa,
l tvtrP1 areas rtquirt further invtatigat1on. Eapeefally in Arhaaaa, Kentucky,
Msaouri and OUahonm, more information on critical cave locationa, status, and
recent and total dtclinta is needed.

Throughout the range of gray bats, investigationa of the tfftcta of human en-
vironmental diaturbanm  art taatntial. The moat importmt areas of concern in-
volve tht pottntlal  tfftcta of wtttr pollution and siltation on aquatic insect
lift upon wiu;trgi~.,-  bats depend, as well ts those of ptatitidt conttminttion
and local dtforeatac~on. Foraging habitat and prey prtftrtncta era nectaaary
baatlint dat8.

Guidtlinta for Btstarchtra .-Plans for further studies raise the qutation of
pottntltl research-related disturbance. Gray bats art especially  vulnerable
to any disturbance during tinter hibtrxmtlon tnd imediately before tnd during
their mtttrnity ptriod. Btuutt roughly 95X of alI kuown gray bats are believed
to aggregate into only 9 caves in tinter, it is important that thtat ttvta not
bt disturbed uuntctaatrily. Najor bsnding of gray btta during tinter hibtma-
tion should not be toltrattd under any circumataacta, and the frequency of all
unnatural arousal must be ktpt to a midmum. Aa a general rule, disturbance of
hibernating populttioua should bt limited to ontt per tinter and totally avoided
txctpt whtn taatntitl for rtatutk purpoau.

Whenever  possible, entry into mtttrnity  ctvta should bt avoided from AprU
through at hut mid-July. Research vhlah damada vlaitation of mtttrnity
roosts during that ptriod must be rtatritttd to the lst hour following the
tvtnlng dtptrcurt of tdulta to fed. Gray.hta  art far more toltrant of dir
turbanet dura  late July and Auguatthan at ray other time duringtht active
attaon, and w&tntvtr poaaiblt, ctnauaing and any other actlviUes which might
ntceaaitatt aamplfng or viautl abttmation  at rummtr rooata should bt rea:ric-
ted to that period.

.

c
Preferably, major summer sampling of live bats should be lidted to trapping
or mist netting at cave tstrancea or foraging areas. As 1OE8 as uholt cave
entrancta  art not blocked, and anly a aamll proportion of any given oalo~y is .
sampled, such disturbtact la negligible, assuming that traps or nets art never
left unttttndtd and that this disturbance is not rtptattd nightly. A$ all tiara
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the use of din dtctrit  lighta'ad avoidance of unnttttaary noise greatly rt-
duct disturbance. Lights that art adjustable for intensity art Ideal. Also,
ctpturtd bats should not be crowded, left in potentially atrtaaful tanptraturta,
or restrained any longer than atctaaary.

Uhtn the above recommendations art aombintd with common atntt and atntftivity,
the negative tfftCt8 of research can be ntgligiblt. Even banding, when re-
atrlcttd to a- caves and ctrtful use of numbtr 2 lipptd bands or size XQ,
Uhtn harm doea ~oceur it la uautlly the result of aartltaa banding procedure or
improper hndling.

CONCLUSIONS

Although recent decline of gray bats hta been prtcipitoua there is no rtaaon
to bclitvt that this trend ctanot bt reversed If adequate mtaaurtt art taken
to prevent hman disturbance and vandalism. The rate of 1088 of major colonies
and the rate of dtclint in general, however, demand that action bt immediate.
Once last, some colonies may be difficult or tvtn fmpoaafb~t  to rttatabliah.
Efforts by ttvt owners, state and federal agencies, private tnvironmtnttl groups,
Nttiontl Sptltologfcal Society members and rtatar&tra, and education of uaor
gaaiztd  cavera as well tt the general public, will be vital to the fucurt of/
the species.
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APPENDIX II
CAVE MANAGERENT

Si@m, fences, and gates may be required to reduce or+.mfnatt human
disttirbanct at gray bat caves.

signs

At a-cave which is infrequently visited, or easily observed by its
. owner, a sign alone may be adequate to prevent disturbance. Under certain

circumstances, a sign might call unnecessary attention to a cave, in which
case the management agency might opt for placement of the sign inside the
cave. Signs must be of durable construction and fixed solidly in place to
minimize vandalism, and should not be placed where bat movement or air flow
might be impeded. They must be located where potential violators can see
than, and should be placed just behind the gate or fence if such a structure
has been erected.

Wording will vary from cave to cave, depending on the history of use of
the cave by both bats and people. If lau enforcement officiati are to have a
strong case against violators, the sign must contain a warning message
similar to that of the upper half of the sign shown in FIGURE 3. If
potential vandals are undeterred by the uarning message, they might be more
responsive to an interpretive message, as exemplified by the one shown on the
lower half of the sign in FIGURE 3. This sign is used at gray bat summer
caves in Missouri, and is especially suitable for maternity caves. The
interpretive message has beta modified for certain other types of caves as

- follows : (,l) for gray bat hibtrnacula - The gray bat, an endangered species
that hibernates in this cave, must survive the winter on stored fat. when
disturbed, they arouse, using up this fat. Bats that have been aroused two
or three times may die before insects on which they feed are again available
in spring." ( 2) caves in year round use by gray bats - "The gray bat, a
highly beneficial endangered species that occurs in this cave throughout the
year, is intolerant of disturbance. In the summer, baby bats may fall to
their deaths if disturbed. In the winter, bats may arouse from hibernation,
using up the stored fat they need to survive until spring;"

At certain caves it may be acceptable to permit entry of visitors during
seasons when bats m not present. A smaller sign contai.ning that message,
plus information on how to obtain a key to a gattd cave or other pertinent
details, might discowtgt would-be vandals, and encourage the cooperation of
spelunkers.
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FIGURE 3: Warning signs used on a maternity cave by rht Missouri Department
of Conservation.



In cases where a cave is located in a public use area, the management
agency may wish to use a much more detailed interpretive message. For
example, a sign with the following wording was posted at Blowing Wind Gave,
National Gray Bat Sanctuary in northern Alabama:

BLOWING UIND CAVE’

Wildlife Sanctuary-Unauthorized Entry Prohibited

"This cave is critical habitat for endangered Gray and Indiana
Bats as well as for threatened Eastern Big-tared Bats and the
Tennessee Cave Salamander. As a result of hunan disturbance, all
of these species have decreased dramatically in'numbers,
requiring protection from unauthorized entry. When this cave was
purchased by the U. S. Fish and Uildlift Service in 1979,
populations of all but the Gray Bat were nearly extinct here, and
even this species had been reduced to less than half of former
numbers.

Gray Bats have declined by more than 54 percent throughout much
of their range in the last six years alone. Due to this cave's
unique structure and strong, seasonally reversing air flow
patterns, it is the most important summer cave known for gray
bats. It contains roughly a quarter of all known gray bats and
the colony here is the largest anywhere. With careful protection
it is hoped that this colony will soon recover to former numbers
(between 250,000 and 500,000).

These bats art very beneficial and deserving of human
understanding and protection. Individuals often tat 3000 or more
insects in a single night, including many harmful kinds such as
mosquitos. Insects, eaten nightly by the whole colony number
roug.hly a billion and weigh more than a ton!

Since thousands of these bats sometimes die from a single
ill-timed disturbance of their roost, human entry into this cave
must be carefully controlled. Please help us protect them. You
art welcome to quietly titch the emergence and return of these
bats at dusk and dawn each day from April through Stptanber
-(Flights are especially impressive in July and August); however,
penalties for unauthorized entry beyond this gate, or other
molestation of endangered species, range up to fines of $10,000
and/or tiprisonmtnt. Also it is illegal to damage Federal
p r o p e r t y .For further information you may contact the Wheeler
National Wildlife Refuge, P. 0. Box 1643, Decatur, AL 35602."

.

*This cave has not been designated critical habitat for any
ftder@.l.y-listed species.
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Fences

Although fences may not afford the same level of protection as steel
gates, the presence of a fence makes it clear that unauthorized entry is

’ illt&. Fences may be less expensive than gates, but are easier to climb or
cut. Nevertheless, some caves are impractical to gate, due to size or
configuration of entrances, or because gating would result in probable
abandonment of the cave by bats. Chainlink,  barbed-wire-topped fences
(FIGURE 41, with posts set in concrete art best. Barbed-wire should not
extend into flight space required by bats. Several fences have proven highly
effective in reducing human disturbance, permitting gray bat maternity
colonies to increase greatly in size. Fences have been used successfully to
protect caves with flooded entrances adjacent to reservoirs (FIGURE 5).

Gates

Gates must be used only with extreme care to avoid detrimental effects.
They should not be used at summer caves unless fret flight space can be
provided above. They should not be horizontal or used in entrances smaller
than 6 feet in diameter. Gates in small entrances are most likely to
restrict air flow or increase bat vulnerability to predation (Tuttle, 1977;
Tuttle and Stevenson, 19781, leading to abandonment by the bats.

Uelded steel bar gates provide the most secure means  of preventing human
entry into a cave. Even the best-designed and well-built gate can be
vandalized. Routine inspections will identify damage so that repairs can be
made promptly.

Each gate must be designed specifically for the cave to be protected,
considering numbers of bats’, type of colony, air flow, and entrance size and
shape. In spite of the number of variables involved, certain generalizations
about ga.te design can be made.

Gates should be constructed of steel bars of sufficient size to be
invulnerable to bolt cutteqs. Steel bars s/4-inch to l-inch in diameter
USTX+ A 242) art recommended. All welds should be made cartfully,'using  arc
welding equipment.

Access openings in gates should be constructed to the same standards,
with the most durable hinges, hasps, and locks. In a situation where
vandalism seems likely, weak-link  design may be employed. The lock, hasp, or
some other eoily replaceable portion of the gate should be relatively weak
so that vandals ~I.11 not try to breach the main body of the gate. Locks
should be chosen with care, as many common types are extremely easy to force
open. \

Fret ends of all bars should be grouted into solid rock. In some caves,
it may be necessary to pour a concrete footing (although it should not rise
above original ground level), or to dig through a deep clay or gravel fill to
reach the underlying floor.
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FIGURE 4: Fence errected at Norris Dam Cave,. Tennessee by the Tennessee
Valley Authority (Photo Credft R. Cum-it).



.

FIGURE 5: Fence erected at Hambrick  Cave, Alabama by the Tennessee Valley
Authority (Photo Credit - Tennessee Valley Authority). Fence is located
approxlnptely 30 feet from the cave entrance.
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Openings in gates through'which bats are expected to fly should be
approximately 6 inches vertically and at least 24 inches horizontally.
Lengths greater than 24 inches between vertical bars increase the probability
that the bars can be spread by use of hydraulic jacks.

Unfortunately, a simple vertical gate (FIGURE 6) seldom can be
constructed at a cave with a sinkhole entrance. Horizontal gates have two
serious drawbacks : (1) Rats are reluctant to fly up through such a gate; (2)
A horizontal gate may become blocked with debris, preventing entry and exit
by bats, as well as blocking normal air flow. A solution is provided by a
"cage" gate, similar to that shown in FIGURE 7.

Although gates that cover entire entrances may provide maximum security,
their use should be restricted. Pregnant females and females with young
apparently will not fly through them. Until a full gate can be designed that
proves acceptable to gray bats using maternity caves, such caves must be
"half-gated." A half-gate is practical only in a large cave entrance, where
it uttends from the floor part way to the ceiling. It should allow adequate
space through which bats may fly (at least 3 feet of space and preferably
more, depending on entrance width and colony size). It is relatively easy to
climb over a half-gate unless the top is designed to make the climb difficult
(FIGURE 8).

Full gates have one additional limitation which cannot be overcome by
the half-gate design. Gray bats are apparently very sensitive to any gate or
other structure placed across a small entrance (less than 6 feet in
diameter). One such cave, when gated, was promptly abandoned by a bachelor
colony of 40,000 bats that had been present the previous year.

Restrict Anproach to Cave

Feu people find caves without the aid of trails and roads. Obliteration
of jeep and foot trails may greatly reduce human traffic to the caves. The
Tennessee Valley Authority has blocked boat approaches to two of its caves,
preventing access. Other opportunities for restricting approach may present
themselves at specific cave sites.

Levees

The Kansas City District, Corps of Engineers has successfully used an
earthern levee to protect a gray bat cave from flooding at Harry S. Truman
Lake in Missouri. Care must be :aken 50 prevent water from backing up into
the cave, behind the levee.

Resource Groups and Acencies

The following groups and agencies have had the most experience uith bat
cave .management, and can be consulted for advice when management actions are
being planned:
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FIGURE 6: Great Scott Cave gate erected by the .issouri Department of
Conservation (Photo Credit - R. Clawson).
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FIGURE 7: Bear Cave gate erected by the Missouri Department of Conservation
(Photo Credit - R. Clawson).
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(1) The Recovery Team

(2) U; S. Fbh and Uildlife Service, Region 4

(,3) Mssouri Deparb3nt  of Conservation

(4) Tennessee Valley Authority, Office of Natural Resources

(5) Vi S. Army Corps of Engineers, St. Louis and Kansas City Districts

.
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their survey of Kentucky gray bat caves.
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The folloubg persons, due either to their knowledge, experience, or

position, have been contacted, or contributed in the gray bat recovery
effort. The list is not necessarily complete, and does not include team
members. Names are listed alphabetically.

.

.

Baglhy, Fred
Rarr,  Donald
Bentley, Jerry
Black, Jeffrey
Brack, Virgil
cab%, uiluam
Chitwood, Ken
Cope, James
Currlev Robert
Davis, Uayac
Elder, Yilliam
Eager, Dan
Estes, Jerry and Bet&
Gardner, Gene
Grlgsby, Everett
Gunler, Wilbur
Hatcher, Robert
Hensley,  Steve
Holslnger, John
Jones, Rick
Jordan,Dennis
Lucas, Eldon
MacGregor, John
Myers, It&hard

Roge.r, Don
Rossi, Davfd .
RusseU, Donald R.
Saugey, David
stack, EoUy
Sullc~an, Arthur
Tipton, Virginia
Visachar, Larry
Uaraock, John
Uilson, Ronald
Uoody, Jack
Zinn, Terry

L.

Ue also want to give special thanks to Beth Bladdick of the Uord Processing
Section of the St. Louis District, Corps of Engineers, fdr typing this
Recovery Plan.
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cFiCT SHEET ON BATS



copyri$lt@ lssobihouri~tofconrmtim
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Only in the lasz 50 years has man learned a;uch
. about bats and their life history. Their nocturnal habits,

affinity for eerie places like caves, and silent, darting
fhght have made them the subjects of a great cieal of

. folklore and superstition through the years. Active at a
time when moat peopie prefer to be indoors and able to
function when and where man’s moat important sense,
tight,  is denied him, it is no wonder that bats seem super-
naturaL Actually, bats are superbly adapted creatures
that have evolved to exploit resources such as night-flying
insects and dark caverns that are unavailable to diurnal
and sight-dependent animals.

Bats are the only mammais  capable of true flight.
Their fore limbs have the same general configurati?n  as

other mamma,  but the bona of the fingers ere greatly
elongated to support membraneous wings. The hind
limbs are modffie6 to allow them to alight r\nd hang,
head-down, by their toes.

Bats feed at night. Most locate their food and
navigate by uttering a continuous series of ultrasonic
cries that return as echas when the cries hit solid objazts.
k~e&ytimeLhcyKekBelteriaawi&v~~of
plpca: caves, mines, building,  rock crevices, under tree
bark and amid foliage. When resting or hibernating, bats
can lower their body tempera- to nearly match the en-
vironment and thus lower their metabolism and co-
energy.

Mast bats congregate in nursery colonies in the



spring. The young are born in May or June. Most
Missouri bats produce one young per year; several species
produce two, and one produces up to four. The young are
fed on milk until they are capable of foraging on their
own. Summer colonies dispeme in July and August, when
the bats begin migration to hibernation sites. A variety of
sit& are used for hibernation-caves, mines, buildin@
and hollow treea.  Before hibernating, bats accumulate
fat reserves to last throughout the foodless winter.

Bats are an important part of the natural system.
They help control noctumal  insects, some of which are
agricultural pests or annoying to man. Many forms of
cave life depend upon the nutrients brought in by bats
and released from their guano (feces). And bats have con-
tributed much to man’s knowledge through scientific
studies of their echolocation abilities,  their biology and
certain aspects of thdr physiology.

Bat populations ‘have been declining at an alarming
rate in recent years. Sume  of the more important causes
of this decline are destnrction  of habitat, pesticides and
disturbance. Los of roosting and foraging habitat has
resulted from reservoir construction, watershed develop-
ment, forest conversion, urbanization and cave commer-
cialization. LethaI levels of pesticides have been found in
dead bats in several studies. Vandalism and disturbance
have eliminated or greatly reduced bats in a number of
-we. Three species  of bats in Missouri are on the federal
Endanped Species List and are protected by the En-
dangercd  Species Act of 1973. AlI bats are protected by
the wildlife code of Missouri.

All of the bats that occur in Missouri are insec-
tivorous. They can be divided into two groups-those
that roost only in tms and those that spend at least a por-
tion of the year in cavea.

Among  the tree bats, red bats and hoary bats roost
amid the leaves while silver-haired bats roost under loose
bark and evening bats prefer cavities. Red bats are prob-

_ ably the most commonly seen species in the state. Occurr-
ing statewide, they emerge at dusk to forage along woods
edges,  over streams, along roads and frequently proed
street lamps in towns. In winter, they may be sw~l on
warm aftemwns foraging in fcrest openings. The hoary
bat, so named because of white tip on its rich, dark
brown fur, is the largest Missouri bat, weighing over an
ounce and having a IS-inch wingspan. Silver-haired bats
art primarily a northern species while wening bats raise
young in Missouri but migrate south for the winter.

. The remaining species occupy caves all or part of the
year. Gray bats, Indiana bats and Ozark big-eared bats
are on the federal Endangered Species List. Gray bats
and Indiana bats are threatened with extinction largely
because of their habit of amassing in very large numbers
(up to hundreds of thousands) in only a few caves. Thus
thev are extremely vulnerable to disturbance (each time
th& are awakened from.hibemation they use up vital fat
rue~u), destruction from natural catastrophes such as
flooding or wanton slaughter by people, and loss of ixn-
portant caves to commercialization, inundation by reser-
voirs, or other causes. There now may.only  be a few bun-
dred Ozark big-eared bats in existence. They are known
from only a very few cavea in southweat’MiWm.ri,  north-
west Arkansas and eastern Oklahoma.

Gray bats live underground year-round and thus are
found only in areas with suitable caves (mostly the
soutbem half of the state). Their summer caves are easily
recognized because of the huge mounds of guano that ac-
cumulate beneath the bat roosts. The roosts themselves
usually are evident as brown stains on the cave ceiling. In
June and July, when flightless young are present, distur-
bance can lead to mass mortality as frightened females
drop their young in the panic to flee from the intruder.
Such clusters of gray bats are usually noisy, so if you enter
a cave with a strong guano smell and hear bats, please
turn around and leave immediately. Gray bats are
known to hibernate in four caves in Missouri; three of
them have pit (vertical) entrances that make human ac-
cess difficult thus limiting disturbance. One of these
caves is commercialized, but the owners are taking steps
to protect the bats.

Indiana bats hibernate in a few cold caves in the
Ozarks, and more than half of the entire world popula-
tion winters in Missouri. They form dense clusters of hun-
dreds or thousands of bats on cave ceilings, usualIy
within or just beyond the twilight zone near the cave’s
entrance. At this time they are highly susceptable  to
disturbance by cave explorers. In summer, Indiana bats
disperse and form small colonies. They live under tree
bark and are not likely to be seen. Relatively little is
known about their summer ecology because they are’s0
difficult to locate.

Little brown bats hibernate in small numbers in
many caves in Missouri. In summer, they sometimes form
colonies in barns and attics. Keen’s bats hide in crevices
in caves and are rarely seen even though numbers of them
can be trapped at cave entrances at night.

Eastern pipistrelle  bats are pale in color and can be
found hibernating singly in most caves in the state. Big
brown bats hibernate in cold sites just inside cave en-
trances. They sometimes form colonies in barns and attics
where their guano may create an odor problem. When a
single bat is found inside a house, it is most likely a big
brown that entered looking for a place to roost for the
hY*

Eastern and Ozark big-eared bats occur in smaIl
numbers in Missouri. They are easily recognized as they
have huge ears that are nearly as long as the rest of their m
body. Least batr have been found in a few caves in the
state, and free-tail bats were identified from a couple of
locations.

At present, bat management consists primarily of
protecting habitat. Some of the caves known to be oc-
cupied by endangered species have been acquired or
leased. Caves that are especially critical to the survival of l

these species are being gated with welded steel bars set in
concrete or rock. However, during the times of the year
when the endangered bats are not present, these caves -
can be visited without harm to the bats. Many caves used
by endangered species are posted with signs that explain
which species is present and at what time of year en-
trance into the cave would disturb the bats. They also
give some information on why the bats need5protection.
Entering a bat cave could lead to prosecution under the
Endangered Species Act and bring a fine of up to
$20,000.



If you have bats in your house or other building and
wishtoevictthem,thebestmethodLtoblock~~
holes when the bats are out so that they cannot return.
The but time is in the fall or winter after the bats have
left for hibernation. Alternatively, you could wait until
the bats have left to forage at dusk and then block up the
holes. However, don’t do this between May 15 and July
15 when flightless young might be present as they would
die and create an additional odor problem. Killing the

- bats without stopping up their access holes may alleviate
the problem for the time being, but the conditions that
attracted the bats in the first place would still exist and

- other bats probably would use the site in the future. It
has recently been found that spraying pesticides on a bat
colony is not a good method of control, for several
reasons-( 1) not all the bats are killed, (2) dying bats fall

. near the treatment site and are likely to come in contact
with humans and their pets, and (3) as above, the condi-
tions that initially attracted the bats are not changed.

. Appendix I gives a simple key and descriptions of the
cave bats most likely to be encountered in Missouri. It
also has identification tips to help distinguish the two en-
dangered My&s species from other, similar bak. Also at-
tached is a page of drawings that depict several key
characters to separate bats of the genus Myoh in
Missouri. If you encounter endangered speck or find
any bats with numbered plastic bands on their wings,
please send the number, color of band, date, locality and
any other pertinent information to Richard Clawson,
F’iih and Wildlife Research Center, 1110 College
Avenue, Columbia, Missouri 85201.

Bak need friends. They have suffered from misinfor-
mation  and superstition for many years. As we learn
more about these furry little “angels of the night” we
realize their importance in the natural scheme of things.
An cnlghtened public, realizing that the system is com-
cased of man) parts and that each has a role to play io
maiutsining  the Xance, will ultimately p-rove to be the
tat’: best friend.

This pub&&ion  is made possible by the l/8 of 1%
safe; tax dedicated to consiervation  in Missouri.

APPESXX  I

,4 !Z$iPLIFIED KEY TO MXSSOUBI CAVE BATS

A. Usually roasting  iu large clusters (hundreds or
thowands)
1. Fur on back gray: guar.0 piles under cave roosts;

bats usual@ seen only h spring,  summer or fall
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Gray Bat

I)
2-. Put on back brownish gray; no guano piles

under rwsk;  bats usually seen only in cold caves
in late fall, winter and early spring
. . . . . . . . . . . . . . . . ...*....*...*.. IndiaM  Bat

B. Usually roosting singly or in very small clusters
(fewer than 20)
1. zbmtim(total length 4” to 5”); fur on back

e.................. Big Brown Bat
2. Small size (total length less than 47,

a.

b.

A MORE

Fur on back pale yellowish or pale reddish-
brown. . . . . . . . . . . . . . . . . . . . . PipistreBe  Bat
Fur on back dark glossy brown
Ears long(abou04”).  . . . . . . . . . . Keen’s Bat

Ears shorter (usually S/8” or less)
..,..................... Little Brown Bat

DETAILED GUIDE TO IDENTIFICATION
AND HABITS OF MISSOURI CAVE BATS

Gray Bat (Myotis griscscens)  - ENDANGERED -
Medium size; grayish color: usually in large active
clusters: in absence of bak, evidenced by pile of
bat guano and reddish-brown ceiling stains; in many
caves in summer, few in winter.

Indiana Bat (Myotis sodulis) - ENDANGERED -
Small size; grayish brown color, grayish ears and
membranes; torpid clusters (often large) in cold
caves in winter; no guano piles; mostly in a few caves
ineastemOzarks. .

Little Brown Bat @#y&is  lucifugut) - Small size,
brown, glossy fur; bla&sh ears and membranes,
as singles, pairs or small clusters; in most ~.caves  in
winter, often neat twilight.

Keen’s Bat (Myotis  kemii)  - Small size; much like little
brown bat, but much longer ears; roosts in creviw
so rarely seen, but a few do roost in the open on low
ceiling.

Big Brown Bat (Eptesicw  jtmus~.  - ‘Much larger  than
others listed hen: brown color; dark ears and mem-
branes; noisy and belltgerent; singles and small
groups in most caves. near entrance.

Eastem Pipis%lle Bat !Pi@?rdus &$uor~) - Small-
, est of our cave bak; ptie color and very small size

make it ea.. to recognize; single in winter, some-
dmes ah in summer; n.ort caves in sts.te, well past
twilight In constant temperature fcne.

IDEI?JTIFICATION OF INDIVIDUAL
BATSINTHEHA!!

Identification of individual bats in hand can be dif-
ficult. The kc? to Missouri cave bats may prcvs ade-
quate, &p&ally  if roosting conditions were c&en&.
Otherwise the following drawings will be very useful.
They use the color of the fur, as revealed by blowing in
the center of the back to part the fur; the position of at-
tachment of the tail membrane; the length and density of
dltribution of hairs on the toes; and the degr= of
development of a fleshy keel on the calcar, which is a car-
tilaginous supporting stntdunontherearedgeofthetail
membrane. These are the characters used by bat
biologi&  to distinguish among these species.

.
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Hoat of the recommended actions In the step-down plan involve Individual
gray bat caves. The following pages contain a list of these caves. their
location by state and county. an index number for computer purposes, priority. level (1-4). levels of biological significance (l-7; See item 1.2.2.1.1.1)
based on size and type of colony, protection needs. and rccaumended management
agencies. Priority levels were set based on biological significance, locatiou.

.e vulnerability and concensus  of opinion of a variety of respondents to the cave
survey (see Part 1.2.2.(l). of the step-down plan). Priority 1 caves are major
hibernacula and tbcir most Important maternity colonies. Riority 2 caves are

. thou contirining  fewer bat8  that are important for geographic or other reasons.
Priority  3 caves are those that require further investigation. Priority 4 are
all rasalning known caves, most of which are of marginal consequence and require
no ution. The recanmended management agencies should initiate planning and
budget initiatives to effect the listed protection needs.
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Hibenlllcultmr

Pcrn cmle, AL (170)

Old Indian Cave, FL (285)

Jcrac James Cave, KY (209)

Coffin Cave, m (067)

chimney c8ve, Lo (099)

Marvel Cave, m (104)

Peuron Cave, TX (130)
.

Tohccoport Saltpeter Cave, TX (158)

Hubbards Cave, TX (169)

Xaternity colony

Xickajack Cave, TN (133)
Sat8 Crve, AL (134)
Bellamy C8ve, TH (145)
Cave Springs Cave, AL (148)
Key Cave, AL (149)
Ceorgetotrn chve, AL (1X)
RambrIck C8ve, AL (191)
Sandera Cave, AL (296)

Bone Cave, AR (009)
Logan Cave, AB (016)
Saltpeter C8ve, MD (10s)
Tumbling Creek Cave, HO (107)

Ceromer Cave, FL (284)
Judgea cwre, PL '285!
Clrsrdr Cave, FL (287)-- *

C8ve Spring Cave, IL (111)
Cool Spring8 Cave, R (252)
Holkad Cave, KY (260)
Chrismarm Cave, U (269)
Overstreet Cme, KY (270)

Holea C8ve, WD (022)
Lkwr Cave, X0 (038)
Beck Cave, m (062)
Inca C8ve, L8 (092)

&t'Cave, m (053)
Barring  Springa Cave, m (059)

Saltpeter Cave, LdD (105)
Tumbling Creek Cave, HO (107)

08ka Cave, TN (129)
lOickaja& C8ve, TX (133)
Uhite Buir Cave, TN (140)
Indian Cave, T10 (141)

Bellamy Cave, IN (145)

Eickaj8ck Cave, T3 (133)
Bellamy Cave, RJ (145)
Crippr. Ml11 Cave, TN (154)

.

.

.

.
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@LCI,  CEWCE

*PLCA.  SJc;M  0Ml.T
1
. J

2 D SJCN JNJLY

2 I PLCA.  SIGN

2 5 tLCA.  SJCh  OMLV

2 a fCMCE*, SJCn

a 2 IEPLACt  GATE YJTP fEMl%.,  SIGNS

a 5 ILCA,  SJWI OMLV

1 a PLCA,  SIGN UMLV

ICC  IWIT  ACOWI

M?S

USCYS

USI’YS

USCYS

TUBA ON TVA

ALOOC 011 T V A

USf us

ALDOC, USCYS, 01 TVA

A L D O C ,  USFYS,  OR T V A

ALD~C,  usfus.  o n  T V A

ALDOC OA TVA

ALOUC. U S C Y S .  01 T V A

ALDOC, USTMS.  OI TVA

ALDOC OA TVA

MSS

ALtIUC,  USWS, 01 T V A

ALtWC,  USfMS,  01 1VA

2 5 STUJ’ CONTAHINAlJCW  SOWCJ ALOOC



.

nLABAHA

ALABAMA

ALABMIA

ALAIIAHA

ALAI' ANA

ALADAtlA

.
ALABAMA

AlAGAtlA

ALAOAtH

ALAAARA

ALABAMA

ALABAMA

ALAUAW

ALABAMA

ALAbAMA

ALABNU

AlAfiAYA

ALALN!A

UARSUALL

SIICLDV

COLbEnT

DLIALI,

Jaca  SCtJ

JACR  SW

JACII  SOIJ

LAUDEnDALC

kADJ SUM

ttnnsttAlL

HARSUALL

MAnStILL

tIAISIIALL

tlOAGAM

tDnCAH

tlORt~AM

O L D  PLUUJH:  CAVt.

AIJIMRSCM  CAVE

,fKX JWHCT  C A V E  VI

STAtJlCT  CARIJCH  CAVC

LITTLE  M A T  cnvt

once STULLLS  cnw.

OAT CAVE

COLL Jtl CAVt

UtRJMC CAVE (CnVE SmJMCJ
.

I I SttOI  CAVE

HOHCTCtW  CAVE

RJHGS $?A JHU C A V E

LEDPtTtER  CAVC

IWHES CAVE

TALUCAU  CAVE

UOOUT CAVC

CMUf  URAL ~AVEkJIS

JO0 2 i

193 1 s

10 I

210 J 7

19s 3

111 J

198 J

167 J

100 J

1.b 1

lB9 J

IA7  J

19b J

17) J

lb@ J

3V7 J

1se J

IV2 A b
.

?lCA,  SIGH  UMLI

PLCA,  SJCW ONLT

SUAVCV T O  DCTCttttJHt  NERDS

sunvcv  T o  DCTC~U~JM~  nccos

SURVCV T O  DCTCnttJt~  MWOS

SUIVCV T O  DCTCWJNC  WXEI

SUAVCT T O  DCTCttttJMC  NEEDS

SUAVCT  T O  OCTCAttJME  MCt‘DS

SUnVtV  TO DCTCRMJMC WCCDS

SUAVE7 T O  OCTCAMJttE  MCtIDS

SUttVCT  T O  DCTCRMJMC MCFDS

SUIVCT T O  bCTCAMJNC  MWJW

SUnVCV  T o  OCTCRflJMC  MW’DS

SUnVCV  T O  DCTtAYJttC  MLtIDS

SURVC~  T O  ltCtCRMJMC  MCtXJS

PLCA

SURVC7  T O  DClfEltttNC  MWDS

ALDOC, USt’YS.  OR TVA

A L D O C  UA U S J Y S

ALDUC,  U S C Y S ,  OR TVi

A L D O C ,  USCAS,  01 T V A

ALDOC, USWS,  01 TVA

ClDUc,  USCYS, 01 T V A

ALDOC, USfWS, 011 TVA’

ALOOC, USCWS, 01 TVA

ALWC,  USWS. 01 T V A  * ’

ALDOC, USfYS,  OR TVA

ALOOC,  U S C Y S .  O n  T V A

ALDOC. USCUS, 011 TVA

ALDOC,  USPYS, 01 TVA

ALDoc,  U S C U S ,  01 T V A

ALDUC,  USWS, 01) TVA

A L D O C ,  USfUS,  01 T V A

ALDUC,  USWS, OI T V A

LLwc CR USJYS

. 4



. .

TAPLL  l b . CRAW  RAT  C A V E S  1M AAl!ANS?.S.

.

STATE CWNTY

ARIAWSA  S CAXfkll

AAKAIJSAS EtMTON

AIXAMSAS JNOEVCMIJT.M

AHIMJSAS PAXTCR

ARLAlJSAS YCHTON

AAllhNLAS WHTON

ARRANSA  S UENTON

AIWAMSAS EENTW

AAUANSAS  MOW *

AfNIAMSAS CARROLL

AhKANSAS I uDTPEMDEl~

ARUAHLAL *ml Snll

AlNiAMSAS l4WtON

AAIAWSAS MFUTW

ARUANSAS l(I:UTON

AHLANSAS NF.UTOH

AHC ANSAS LI.AIICt

AWAMSAS Sl'AfiCV

CAVC MAW JHDtX 7111

lUUJAWtA CAWC 0.7

LOGAN  CAVE Olb

BONE cnvc (101

O L D  3oE CAVE JtATJ 001

C A V E  S?RtW.S  CAVc 010

ClVStAe.  CAVE All

VJGtON ROOST CAVE 01)

wAn  EaGLc  CAVERNS 0 2 1

bHt.JtIL  CAVE 2u

bCNNCtt  CLVC Ill

NAl4U INS CAVE H@

NWlSJtNJI;C  CAVI J lW4Hr.T  J 011

CAVC MCUNT~JJJ  C A V E  (BAT,  ACXltV)  00X

OIANOND  CAVE

JOlIN EEDIWS  CAV):

Lltllf  bLAh  CAV).

CRAId CAVE

f.ALLCUt C A V C

012

015

'HI

265

l IJ

1

1

1

a

a

2

a

a

2

a

2

2

2

2

2

2

2

3

SIC

1

2

a

a

a

a

a

a

2

a

7,

a

7

a

a

2

a

2

mmccTJ0~ MCCDS

)00JtT ChTC.

m.ca, i/a wc

PLCA,  l/2  CATL

ruxr SIGN OHLI

tCncC*, SJCn

mnzc. rncvcnT tLomcMG

?lCA, l/2 GATE

?lCA, l/2 GATC

tLC&, l/2  GATE

mn,. cu~i cm

PLCA,  l/2 GATE

fUICHASC  8, ICNCf.

?LCA

WNX

?LCA,  l/2  GATE

fCNCf

CCWU

arc MaIT accMcI

uses

nGrc on usrus

Mwc on USCYS

uxc on usws

Mm on ustus

acfc on USCYS

USACE

nGrc on USCYS

Acfc on ustus

AGrc on USCYS

wfc on USCYS

nmc on usfus

MtS

nwc on usrus

NPS

ACfC  on uscus

MIS



AIKAHSIS

LRKhNShS

MIKNISAS

~RKAWSAS

LhK8HSAf

. I
KIRKAHSAS

SC MWT

511r.n?

STONE

SfOIlE

SlO?lE

STOW

STOIa

STOVE

SMHL

SfOllt.

tlootw.

@oollE

12n10

PETEI CIVC

lLlUC C&V0 (CEtaEfi)

O Z A R K  AcnEI cavL

lml.b SCI#IPf CAVE (AlUS

CIV?!i RlVEl cavt

HELL cnf.cI  CAVE

Jpc CRIGW  CLVf

0r11tw  CAVC  .

UOIT C A V E  (nrtcHELr)

RONLAw  CAVL

SlLVLR  V,LLLEV  11t1r

YET  CAW

PEI;GRhII  CAVE

CCKC .
.
ma, wa kc

wcn, l/a ma

i/a GITC

NLL mtcc, fan, avoto 01 mm

w3. a/a cm

BLC~, s/a wd

ILCI*  102 CITE

l/2  ClTc

PLCb

CULL cntc

tl&lWTIlW

*SUtwT T O  oc1Etul1ME  nrt-OS

Note

HtS

mfc on usws

arc on usras

uses

usrr

AQC 01 usws

acIc 01 USlYS

Mm on USC~S

USfS

nGfc on USfYS

wrs

M C

nGfc o n  usrus

, L



. .

IrPLE I I . GRAY flhf PAVIZS xc; tlm1Dh.

stn1t. COUNfl

tLCli  IDA JACK SON

f LCI  IDh JACK SON

fLOAlDh JACK SON

tLOR IDA JACK SON

fLDRlDA JACK SON

t L@K IDA JACK SON

I’LDR IDA JACK SON

CLUl  IDA JACK SON

CAVE WAHE

CtnOYts CAVE

ClfihhDS  CAVE

JUDGES CAVE

OLD lI(DIhN CAVE

CCARS CAVE

n1vcn CAVE

MEADS DA1 CAVE

WSN CAVE

1NDT.I  raw II0 ?NmtCtloN  NCLOS

288 1 a PLCA, SIGN ONLT

?LCh,  ftNCC

PLCA, fLNClz

rcwct, nmm chxs

ILCA, rtcn 0NI.T

s1cNs DNLl

)LCh, SlCW ONLT

NWE

n c c  NCNT  wctm

WI

‘USCYS

usrut

IL

tl.

FL

fL



IACLE 11. GIAV &At CAVES IN CE0NClh.

STAT?! COMf1 ChVt  WAYI:

Gtc?(ltlh FOLI: DEhtCttS ChbL

GtmG1h POLI Yttlfi RlVCh CAVE

1WM.I PltV SIC MtTCCtlO~  N C C D S IEC ItCNt hDtttCI

301 J SUIVCT TO DtTERNfNE NtITOS TVA

wa B SUnVLII  T O  DtTtERMIMC WECDS Tva

. .

. .



,

.

1MLr. IJ. CRhl  EAT C A V E S  III  JLLIHOIS. ,

IfnfF. COutlfY ClVL  ttatv.

lLLltmls tthIU  ltt CAVL St’lltw;  ChVt

ILLINUIS ClK1: tYlN CULVLHT  CAVC

IHUEK tltl  S I G PlOTECtJOW  WEEDS

111 1 @ ILCA, GATE

II? 8 1 NONE

.

‘IL 01 USfS

.



.

lhl9.t  I*. GRAY PA1 CAVES 1W UAMSAS.

COUMTY CAVE HAYC JWOtl MTT Stci

IIANSAS CIhYfORD srotth  SEUER JO0 1 1
.

l .

rnaTccTlOY )cLCDS WC  NGNT htW@CT

PITTSlUNG



TANA  IS. WAll  SAT

#TATS cwnrv

UYnla? AtJ.8r

umav mmNtwlt

KCylllcIV II#SANtWE

ulnuav JRSSAtttY

unwav ntw

uuwat

umuat

umuat

KwNaT

UIINCSV

SSyruQT

SLYllMXT

_ uwua1

umuav

uYluaT

MAll

StJX*

MUW

a.lulU

ammuwll

MST

JSSSNU NS

tn!Lw*

wtA#tll

GAUS Ill uumtav.

CAVU ttAlN

WtJAttU  CAVS

JSSSS JWS CATS

cuIIawtI uvs

J-8 CA18

UYUIWN

TSWU  SIU SALTSIN CAV8

CAWT 0Mua CAVU

WA04 CAVR  (ItUWUB BIM)

lma UVB

110188 MU CAM

l Altl8t. BOOll.0  CAVB

WMlU CAVU

BUUISS CAVS

l#X rm 110

2w

209

MB

il0

lS1

2bl

282

1Sl

213

211

a10

Jbl

au

2ss

au

uWluut 11100 sta SUUUS SrSlES  CATS (?I8 SSS 111

uwlucct MUAM Iwlta WVR an

ccmav S&ST ouauu UIIIa CAVS 171

I a

11

I 1

I 8

I a

a a

a a

a a

1 a

1 1

¶ a

a 1

a a

a a

a a

1 1

J b

s

rSSTScTlott  (I888

PIEA.  WBWT  OATU

MEA,  WY& SlStt

*LEA.  OAT& SICUS

?UA

PUA

PWA,  aAl#

NEA, tmmm QITSS

lmwrr  abn

abn, Slam

ruA. Nomln aAn

MCA.  SATS.  SISS

ruA,  wn. 8IEtta

SIGN

8uuu to mcnWtm tlu0b

WIVLV TO OU8WtU8 ULSS

wrc 08 wnta

wrc 01 ouua

EWE. UUIt#. 01 VVA

wrc 01 osntl

wK  01 msnta

w?c

ouua

It?8

KUfG  a0 r8N8

wrc 01 usnt~

8ttK 01 USNI

Klt?B

WK, USN#,  U lVA

KYC

IYC



AUUISU #TOW

n.amA JAOUOY

RQllM JLarSOtt

nOBUA JlQW

umav

UllNo(T

BLII~V

. UNlltUlT

unuav

WIllKIT

UltTuaT

. UHlUUT

unuav

nLut

auutl

amom

ItAar

JSBSub~

mt.saa

WtAUl

TDIOO

wtuolMI mtmt

*IJauat mom

tt?Ssom1  mw8

ttt#raUl  @Wl

wn.AmMva

MAU CA18

WVSB  CAM .
r

#SUBS BAT  CAT8

BTOmt  8w88

JOUS Ml0

slmnmll

%EWU  ?lU BiLt?M88 CAT8

wituAumcwu

OAat CAVB  (tlmmao  mm)

BlXlS  WILL CAVB

WICL MOWS  CAT8 *

WSUIB  CUB

NLL un

PICA.  #IQ W V

8Iu8 0w.t

PUA, BUN 8ltLT

mm

PICA

PUA

MB8  aorI8At1oI

rub* abY8

?UA,  tO8lVT  CAT88

lOBIn CAT8

BAT&  #Icy)

ncA. tm8wT CATS

rua. asn, 1lCtt8

#ICI

PUA,  BICtt  BIN.1

WA.  #ICI l ICT

#ICI OIL1

PUA.  #ICI 0Nl.V

.

l wa

fi .

m

n

rITr8Uw .
am uawu;

BWC, UUUb, U TlA
.

BIW W USN8

US

awe  on USM

8*KO8VSNB ’

UIC8BWINB

uwo

BUC. OSM.  U TVA

tmc

m

mm



0 *

fhf!LT. I L . CHAT  DAY CAVES IN MJSSnUCI.

STATE

NlSSUUNl

nJSSCUn1
.

NJSSCUI’I

JIISSDUNI

WJSSOUHJ

NISSUUAJ

WJLSUUi J

nlSsaJHl

HISSOW  J

WlSsCURl

NlSSOURl

YIJSUW  J

Nlr;SCUPl

WlfsCUltl

LlSStXtt~ J

*IssUUfil

PIsscu~l

HISSCURI

COUMT t

CANDL’W

ChNDtW

DENT

CIhNRLlW

lt1ctlol)Y

LACLEDE

OULASB J

SHhNWt

STONE

S10NF.

fAtICY

LLNfUU

Doottc

POONE

!UWlC

COONE

I OOHE

CANOf N

CAVE MAW

NAUSS  CAVE

)w)Lc:S  CAVE

BAT  CAVE

NOhllttG SPklNDS CAVE

DtXtI CAVE

cow IN CAVE

I N C A  CAVC

CttJttNEt  CAVC

HhnVtL CAVE

SALT  JElLI  CAVF.

TUtWLJNC  CYEEl  CAVC

ESICS cart

WOHL CAVE

D E V I L ’ S  lCFoUo1 mvt.

ItDLTCW  CAVF -

ItWtPRS CAVE

LCYIS  hMl  CLAM CCVI

ADK J MS ChVt.

IMOLt  PRY1

038

aa1

853

e5’)

Bb2

Ob1

092

O’?

JOB

1 0 5

to1

BJI

019

015

O h

011

011

1

1

1

1

1

I

1

1

1

1

1

a

a

a

a

2

a

a

SIG

a

a

a

a

a

1

a

1

1

a

a

8

8

I)

a

5

2

HIOT~CTlOW  NEEDS IEC ((Gnt AGENCY

M.Ci.  S I G N  ONLY*

BLOCK 11Oh0, TtNCt,  SIGN*

PLCA, CITE

LEASE*.  SlDN*

@WCE*,  SJGW, LtVEL*

fENtx6. SIGN*

C&ncC*.  SlGW

ROAD  B L O C K ,  SIGN

tUlNthlW.  S I G N  ONLY*

?LCh, Cl WCC

chx*

VLCA. SJGN O N L Y

P/CA,  SIUN ONLV

SJUN ONlt

@LCh,  SIGN DNLT

?LCh, GATE

)Lch, Ft#cTi,  EWlL ChtE

2.J ILCA, GATE

HOC

HOC ’

WC

WC

USACE

tlw

WC

t w s

INIC  AH0  S D C

uses

aOL

ttDC

HOC

OttWLHS

IIDC 011 DNI

USfYS

WC



MISSOUHI ChnDE)r ChlRCLL  CAVE

WJSSODAJ CAMDEN FbEIt FDGUS CAVE

tt1ssUUn1 ChttUtN G!lAWPh CHIPPLLT’S  CAVE

WSSCUhl CANDLW HhNHhH  ChVt

nlSsCUAl CAHDCW mtt~a cumff ntii cnvc

ttlSBouR1 CAMDEN rttninw  ttuaou  chvc

NlSSOUtt1 CAMDEN RIVER  CAVE - HA H A  TONIA

NlSSOURl chntm COAL BhtJll CAVC

)1152UUM1 CIIN 1 St 1 htl lhWtl  CAVE

RISSGDR  1 COLE UNNAIED  CAVE f a

NJkttlilJ Cn;roWD Otttl CAVE

ttJ6SUUb J CRAUCORD ShLtK.W  CAVC

btlsscuttl CAAUFDDD TYCNTT-THhEL  DfGI f CAVC

WJSSCUttJ DhDE Nh2F. CAVE

MlsSDUR1 DALLAS CAT NULlOtt  CAVE

tt1sscUttl DALLAS ttlltWtCIhtW  CAW

ttlSSCUttl DALLAS NCRCL CCVE

nlSsWHl mntttwt BAT ChVf 0

ttlfSUUHl t HAIIKLIW tlStILN ChVt.

*1sscUtt1 ftthltKLlN TUJtf  SPKIHGS CiVt

NlSSOtIDl tIlclottt - tJLhCKWLL  CAVE

nlsscuPl JASYLII COOLMtCOB  C A V E

OIJ 1 (I PLCA, NOt~l~t  Ghtt WC

OJO J 7 tmtt

03b a a PLCA, ChtC Dtui

OJS a t ?LCh, SIGN O N L Y Hoc

OJ7 a 2 PLCA, rtNCC NDC

OJV a 5 )LCh, SIGN  ONLY ttoc

040 a a GhTC,SlCtt* m

041 t 8 BLDCU ACCESS IOAD,SlGW. WHCN

oaa a a ILCA. SJGN ONLY HOC

OCJ 1 a FLCA, fCfKC

OII a I WlWThlW.WTE.,SJCM*

801 2 (I l/1  GhtC, 1101.

011 a 5 PLCA, FtHCC

818 a a PLCA. f CNCC

068 a 8 PLCA, Chtt

NDC

USACC

USAM

USFS

*

HOC O t t  DNR

050 a a PLCA. GATE NDC

851 a 3 PLCA, ChlC Hoc

BSS 2 8 PLCA. CtNCE WC

OS1 1 a MhINthJN, INFWVL GATE Dtm

010 2 t rrctt ONLY .NDc

ObJ 2 a t!httlTAJ)i,  l/J  ChlO* . USACE

ObI a l PLCA.  GATE ttocoNwc



.

S~lAfMDM

lllSHJWCf~

My! JCII?

Dttlffnf

CnAUCOnD

DnLLAs

FlANILJN

fRAra.IN

CRELME

JEffJmOY

LACLCDE

LWHCMCC

RCDDMALU

OSLCE

ruLAsu1

PuLnsu  1

51 Ollf.

lt.llAs

CIIIIDLN

ROUUD S?IJNG  C A V E

Clthl SCOTl  CLVE

SlJtlLE  CI*E

C O A L  caw CAVE

CLIPVIM  CAVE

IAt CAVE

MLT fElta CIVC

GA1 CqE 0

LrnC  H I L L  DNl8  CAVC.

LOP MWLJJ LRJDCE

PLEISAMT  VALLCl  C A V E

RUAIlU  GIVE 0

HEHSCW cllw.

lJVEl  CUE (YCLCtlHJ.7fl’S  J

unoun  C A V E  I1

DRDYL  C A V E  (2

StJLLUGUS&  CAVL -

Ill1  CAVL

IwllclI  C&VI.

1 0 1 a a

1av a 7

Il. J 8

010 B 7

WD 3 7

ODS ☺ l

052 3 s

0% 1 I

OSD 3 7

MD VJSJTORS. Cffbftlit  GM1

?LCA,  GATE

SUlVC7 T O  DETERHJMC  JJttDS

SUWCV T O  DElClHJNE NCCDS

SURVCV T O  DCTElHIME  JICLDS

SUWCT TO DEtERHJNE  ffJIf  OS

ILCA,  SIGN mcv

lEGATE

SUW,ET TO DETElHJWE  W E E D S

JlUUJfT  Cllt,  OR CEHCE

PLCI,  fClKE

?LCA

SUHVEV  TO DEtClMlHE  WLfDS

PLCA.  SJCW ONLV

SUUIVEV  T O  DCfCR)cJNE  NCFDS

?Lcn,  SJCW OWLV

SURVCT T O  DCftllMJNE  fWDS

SUlVET WI Df:TCWJtJE  MCI D S

MlNf.

Mnnt

Now

NW

nDc *

USC us

nDc

flDc

fax

fQc

‘fmc

ffDc

fmc

ftc

WfS

.f=

flDc

fmc

MDC

fux

flDc

fmc

full

.

I



MISSCUll LACLEDE BAT CAUE

WJSSCUAJ LACLEDE nmv LAUSOH cnw

n:SSOUR  I LACLEDE flA7F  JELD CAVE

nJSSDW  1 LACLEDE SllAnKL  CAVL  ( DLtY J

fItSSCUM  1 MARIEI JMUJAff  fORD  C A V E

fIJSSDUK1 HJLLEK BAT CAVE VI

JIJS+lUI  I MILLER HClJOUtLL  CAVE

IJSSCURJ f!oORCAN 011 BUAffCN CAVE

IIJSSDUKJ CVIECOH BAT CAVE

I91SSDUR  1 oflccw BIG WUTJJ CAVE

MJKSOUNJ

JIISSCUk  1

JIJSSOUW  1

JIISSOUI:  1

nlSsCUR  I

lItSCUll  1

J!JSSOwI 1

JIJSSOUK 1

JlJSSOURJ

OZARK

PIKE

FULASR 1

WLASK  I

WLASK  1

PULASKI

PULASKI

PULASK  J

hALLS

BAT CAVE

fKA~KfCJlD  CAVE

BAT cnrt  I1

BAT CAVE VI

flUXInN  CAVE

I JUUE? CAVC

TUtlfJLL  CAVf

YJUI’T CAVE

FISIIEA  CAW

fIJSSOURJ ELVfI0LUS colas CAVC

flJLSCUE  I SHAMOlI BAT CAVC

WJSSCURI SIIA IWON HAHTIH CAVf f:HlflAfw I2

2 2

2 2

2 2

2 a

2 I

a a

a 5

2 s

a a

a s

3 a

2 0

2 I

a 2

a 7

2 2

2 a

2 7

2 0

2 2

2 @.b

2 a

PLCI. GATE. IfLOCI  KOAD

?LCA, CATL

GATE

PLCA,  SIGN  ONLT

t1cn

SJUW

PLCA, CLNCC

PLCI,  CATC

PLCA,  GATE

PLCA, SJW‘OWLT

PLCI,  GATE

)LCA,  cntc

PLCA.  SJUN ON.7

KEStlJCt ACCESS  JCJ.DSE MAD J

TLCA, G A T E

PLM,  GAlC

PLCA, SJCW DNLT

PLCA,  S XC0 ONLT

rLCa, fLNCE

PLCA,  GATE

)LCA  , f EIICE

fUK OK USCMS

USfS

ffJlC

fm

fmc

Ima

tfm

USfS

uses

USfS

fmc

fmc on USfS

mc

u.3. nmtr

MN:

flDc

fa!

fwc

USfS

MIS

WI

I *
l . I



J!JSSOiAl ILNRI KWlSLL7 ODARK7

JiJSSODIIJ HJCKOK7 eat cam 01

IJSSCDAI HJCKOn7 BAT CllyL J2

nlSSGUR  I LACLEDC DAVJS CAVE II

J8JSSOUA  I CULASK I BmuCL CAVE

fIJSSClfR 1 sffnfwoff Ylffb CAVE

ffJSSCUK 1 ST.  CLAJK LJW K1J.N C&It

. I, *

07J 0 7 NWE

071 a a NDNE

072 I) 7 HONE

ObD 4 7 ffOffE

ova 0 a WNE

1.2 (I 7 NOnE*

1.2 I 7 JfDffL
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tneu 11. I
cnnT  rnt caves rw orLn&Ai  

stntK

0KLmcMn

oitinfmnn

0KLnftuin

ou.ninm

ouwmnn

oumtnt4n

011 niuwn

DKlnlum

OK Lnfmn

ohtmomn

COUMTT c a r t  fff.f:L

mnrn

DtLAUARE

stnnsrf ftnv*s cnvc

~IIAI~L~T  OYL  cnvC:

Lmn mu r&u caw

DELnunnL

nbnili

sPnvif4nu  bar c.nrt

nwin rat cnvc

ADA11 TllliEt  fUKKS  C A V E  Je i

DELAUAW.

UC Lnuant

DfILAULRt

ClIERORtt

IIOUC: ITS CAVE

tnLDot8t  cnvc

turn  cnvc

ETTA cnvE

I N D E X  CKTT SW

121

llv

117

115

IID

Jib

120

122

Ill

297

?KOtCCTJOW WECUB

PLCA, SJCN, GATEW

GnTE

?LCn, SIGN DMLT a

SIGNS, JIESTKJCT ftESCANClf

MTM,  cntE*, L O C K ,  atsta TlAff

PLCK, SJFN OMLT

PLcn, SJUW, GKTL

?LCK

ICffCE 011 IIEGATE, S I G N

none

WC fiGnt  ntiEt8r.T

WMERS

fJc

Jm

USfYS

ClfCS

DKDW, USfuS. OR DM

DADYC

USCYS

ORDYC

c ,
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3ncLe  Iv. cfinv  Bat cnvcs in TEWJESSEE.

state COUMTT

TLIlMESSLf.  C L A  JMRME

TEuME’sSft  DEKALl

TEMMESSEC  CRAINGEII

‘IEUNESSJX  UAUKIMS

IUKJESSEE

tElH(ESSJt

I
TLhMESSEE

TtUllESSCf

TEfluESSf C

fElllICSSEE

?LlIESSL’C

TLIWESSC’C

tEllMESSl.J

lEI.llESSf  E

MAR JDM

~MtGGflEfiY

StEuAnT

UMJQW

YnRHEW

CLDFORD

CAMPBELL

cf.nv

DECA?UA

CEKALB

TLkllESSEF: FLANKLIN

‘IC::MtSSft.  fRAHKI.:Il

lf.IlNESSEI: IIAUKIMS

cnvk  WMW

UIIITJ  C U J S  cnw

CKJPPS  JIJLL CAVE

JMDJAM CAVE *

PCARsoW CAVE .

WJCKAJACK GIVE

rumw cnvc

TODACCOPDlT  SALtIf  ltll CAVE

OAKS CAVE

SIIIPB’AW  CKEEK  CAVE .

m i n i s  onn c a r t

mw.Mnn  cam

fCATuERf0DT  CAVE

G I N  ELUff CAVC

cniiF:J iIoLLou  cnw -

u0(11~~5 aat4

TIIUSSLI 1 CLVE

II~ILII  cnvc:

JNDEK CITT SIG

Ia0

IS8

141

110

133

158

12)

lb9

1bS

lJ7

174

lb0

203

16)

II*

I IJ

IOJ

I 2

1 a

I a

I 1,1

I 1.)

I I

1 1,s

I’ 2

1 1

2 7

2 2

2 s

2 7

2 s

2 0

2 I)

2 v

2 7

PRMECTJOW  WEEDS

PLCA,  SJW OMLT

PLCA, SIGN O N L Y

PLCA,  J/2 G A T E

PLCA.  SIGN DMLV

fEMCf*, SIGN@

COOP AGlEE*, SIGN., fKMCK*

rw, ftncs, 8iGw

SJGM DMLT

wcn, 10 cntt

run

fCMCC*, SIGN.

PLCA, SIGN OWL7

fEMCE

PLCI

PLCA,  SJCM~ONLT

COOP LCWX.

PLCA,  SJGM ONLT

PLCA

IW NGMT AGLMCT

tuna

tuna

tuna on u s f u s

tu8n 011 u s f u s

tuna on tla

TWA

tuna

tuna

USfUS

TWA,  USCYS, 01 T V A

tunn on TVA

TYRA, USCUS.  O R  T V A

turn o n  tvn

t u n a .  u s f u s ,  o n  tvn

tuna, usfus.  o n  tvn

TUIh,  USCYS,  O K  T V A

tuMn,  USCUS.  OK T V A

t u n a .  u s f u s .  OK Tvn
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tLl.NESSCE lllClHAN

JACK SON

ttllESSEf

?tMNESS~k L I WOLM

TEMMf  SSCE Maw

TCMMJSSEE YtJCS

TLIWESSEE

TEMMESSEE

MEJCS

MflCS

ttMlIESSEE nnnt

tF.UMESSEE rutw

TWUESSEE IlllEA

TtuMCSSEE fwc a

TEWMESSLE RUtllEaf  OAD

tt)uWESSEE

Tl IJIILSSEE

TLMMESLLf.

TEHNf SSEC

TtDMESSEE

Tt;HESJtE

ltllMtSSEL

7LuNESSf.J

SMJtM

SHJTU

UHJDM

CAnPflELL

CRMllOM

cLnJDow1):

DCCAlUR

Dtcntun

OAT CAVL:

DIN’S  CWE

ant.onE7  cavt

OAT CAVE

JuwDfaMnM  CAVE

8LlthL  CCIRT CAW

EVES CAVE

SEMSABAWM  CAVE

I

nLcunorn cave:

ntmt cnvc .

cn1ssv ClELU c a r t

unna is cave

IlEla  JMG  CAVE

baJDtEUAtEll  t!hVC

PJPJi:I cnvt

L O S ?  CACtK CAVL

aATTlJMC  PIT  GIVE

IIEREC JlH  CPVE

CSPL7  CAVE

SJAT JDI C a f  EL CAVF  -

m u m s  cnw

sunitou  awff  cnvf

l&r)  2 v

201 2 s

ID5 2 7

170 2 A

28) 2 s

XIV 1 8

1.1 2 S

I@. a s

161 2 @

1ri a 5

JJl 2 2

130 a 8

2v2 8 s

2a7 8 s

ISU 2 v

2 2 2 a

2). 3

IS0 a 7

221 2

172 )

l b 2 3

lb1 2

COOP AGREE*, S1c.W  DMLT*

PLCh

t u n a ,  u s f u s ,  o n  fvn

tunn. u s f u s ,  on tvn

PLCA. ftMCE,  SJW

I,.&, SIGN OWL;

tuna, uscus. on T V A

tush,  u s f u s ,  o n  tvn

?LCA tunn. Usfus, o n  Tvl

CCMCC. SJM tuna aft0  T V A

SJGM OWL7 Nan, USfYS, 011 T V A

?LCA, SJCW DMLT TUUI, USfUS,  OR TVA

rrxn. i/a c m wan, u s f u s ,  o n  tvn

fLCA,  St&M O N L Y TWA. usfus. o n  TVA

PLCA, SJCM DMLT tulh, USCYS, OR T V A

ILCA, SJCJJ OMLV TURL,  U S f Y S ,  D a  T V A

rLcn tuna,- USfYS, on  TVA

?LCA TUlh,  USC& OR T V A

I
fLCA,  CCWCC t u n a ,  u s f u s ,  o n  tvn

CEMCE tuna, usfus,  on tvn

SUHVE7 Tr) MTURHJME WU’DS t u n a ,  u s f u s ,  on tvn

PLCA, JIODJCT  GATL TUBA,  USfYS,  Da T V A

SUNVEV  T O  Dtt):IMJWC  WEfDS t u n a ,  u s f u s ,  o n  tvn

SURVEY t0 DETURMJME  NH OS ma, u s f u s ,  D a  T V A

SuRV~V t u  DEtEllMJl1E  NWDS TWA, USCUS, OR TVA

sUlvJ3 ta DEttRllJNE  MEfDS t u n a ,  uscus, 011 T V A

l .
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. c tEWJfSSE):

. tJl#ESSft

rnni4tnm

CllEENE

tEMNESSEE HICKMAN

JACK SON

1mMESSfL

TJJJMJ SSLE

TEIIMESSEE

TLKNCSSEE

MUMTlWlfRJ

OVERloM

PEIIHT

rmw

lloclFRt5DM7EWMfSSJ.E

ARCII  CAVE

UMLT snLtrJ  ten cnvc.

UAJ LE CAVE

COLELAW CAVE

NOD I MSOfl  CAVE

IILOUJMD  CAVE II

3mni  cmm  cnvc

OR!4 C A V E

TtDbESSCL  S M I T H N E U  PIPER CLVE

TEIIWCSSCE  S U L L I V A N MORHILL cnvc

TtPUESSFE UAJME ICE  CAYI:

l E I I U E S S J . t  WIJTE unuc cnvt

TtMNtSSIE  UJLSOll CALLAtJW  CAVE

TfhMESSLf  PLfDSOt PATTCW CAW

TLlIMESSLC CllEATllAll MEPI  UME SALTPEYCR CAVE

7CWlESSEE  CRL lMCf3I COON CAVE

TCDMESSEE  CHCEWL CEJIAB tllEU C A V E

TLHhESSEE  llAWWCK MICK  MDUSE  CAVE

?LIYltssCr.  ' hllDK DLOU JlJC  HOLE CAVE

TthNLSSEL  KhOI MULL  ruts cnvt

llLNMCSSEf.  HDOAE JACK DAN1f.L CAVE

2 2 2 3

17s 3

2 1 2 I 7

aJB 3

lbb 3

2BO a

831 1

aiv 3 7

228 3

2 2 1 3

2av a

2 2 7 3

22b 3

lbn 3

152 I 7

2OK 8 7

162 8 7

151 e 7

2Jv 0 7

Ilb @ 7

2JS (I 7

11c I 7

SURVEY TO DEtCRMJl~E  WEfDS ’ Tuna,  u s f u s .  on TVn

SUAVDV T O  DttCll4lNE  WWDS TWA, ustus,  o n  T V A

SUhVEY T O  DETEIWJME  WLZDS

SUAVCY T O  DttEA~JMt  WCCDS

SUKVEV  T O  DETCNMlME  MEFM

SUHVE7  T O  DETCRMJWE WKfDS

SUWtT T O  DClJXWJWC WTEDS

TVRi,  USCUS,  D a  T V A

tuna.  u s f  u s ,  o n  tvn

TWA,  USfUS,  ON T V A

TUIA.  USfUS. 01 T V A

titan, usws, 01 tvn .

SUIWT TO DETEaMJME W E E D S

SUllVLT  TO DEtENllJMC  W E E D S

SUlVCT  TO DCtEaMJNt  M E L D S

SURVCT  T O  DCTEAMJME  UtXDS

TvaA,  USfUS,  01 T V A

TMIA,  USf MS, 01 T V A

ma, u s f u s  ,  f f l  Tvn

tnan,  USfUS, OR TV&

SUHVE7  T O  DEtElMJNt  WECDS

SURVET  T O  DttENMJME MEEDS

T u n a ,  u s f u s ,  o n  wn

ma, uscus,  o n  tvn

SUIVET T O  DEtElMJNE  MCEDS tnan,  uscus, o n  usna

PLCA.  SJc;N OMLT Tuna,  usf us.  01 T V A

fKmE

HOWE

fuMJE

NONE

NnNE

MDllf

Now
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tL.UMtSSLt  SEQUATCNllC  YlLtICtH  CAVE

fLrlHEsSLE  SWITH .mHn  CISHEII  c a v e

TEHWESSEE  WllfE OaREn CAUC

TLHHLsstt  UHlfE UnsllLL  SIMS cave

TtIWICsstC  WIITL now.  CAVE

.

. .



c

1ACLf.  IV. GRAl  B&T CIVJZl  JL VIWGJWJI.

STRTC COUMTV caw. aAnt

VJRGlNlA  S C O T T CLlMCHfORT  CLVL

VJlrGJHIA WE GIUSCN-fl&Zltl  C&It

VIHGII~IA R.LE LJTTCN  ClW @I

VIHGlNlR LEE WoRlLLL  CAVE

VJkGINIII MC tFJft CAVlE

VIICIWIA SCOTT GRIGSUV  CAVE

WGf. YSfYS, On tvn
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DisbQnMon .- Draft Gray Bat Recovery PI&n

Mr. Cd H. Thomcs,  Chief Biologist
Ecdogicd Sciences and Technology Divisign
sofl conserwdon  servfcr
P.O. Box 2890
Wshfngttm,  D.C. 20013

Mt. Frmcfs 3. Roche, Director
Red Proper? and Natural Resources
0ffiC8 of AssIstmt Secretary of Defense
(M4npower,ReserveAff~s&Logfsdcs)

Room 30,761 Pentigm
’Washingtun, D. C. 20301

, ~c~;07-Yof~Wf~

Room 2&S 70 Pentigon .
W&fngton, D.C. 20310

Mr. John 3. Bus)ynm
Off ice of the Chief of Engfneers
Cfvil workt  CWP-P ,’
Washfngton,  D.C. 20314 .I_

M3. Ruth Clusen
d4ssWmt Secretary for Emdronment
Deportment Of h8tgy
Mofl stop &201
Washington, D.C. 20545

Mr. CJ&w D&m
Federal Hfghway AdmMsfratfon
Gffice of &nvfronmen~ PoZfcy
~nvirunmentd Qtdfty Branch HEY-22
400 Seventh street, SW.
#‘ashfngtuf4  D.C. 30580

Mr. Fhmk RauinCl?vitCh
Office of &rIvwnm~ti Rdew
Room 2119-M
401 M Strcief, SW.
Washington, D.C, 26460

Dr. Thomas H. Rfptcy, Atanager
Office of $faturai Resources
F--ywlflW
Nods, Tennessee 37828.

Mr. A RaZph Jordan, a., Pro&t &a&r
T8nncs88  Vaiky Authortty Regional

Heritage Progm
DfMon ofNaZuraZResowces  .
Nods, T8M8SS8  37828
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Ms. Phoebe Wray .
Etecutive Dire&r
The Center for Action on Endangered Specs
175 west hfatn Stt88t
Ayer, Massachusetts 01432

Dr. Robert E. Jenkins
Vice Resident, Science Programs
??I8 Nature Coruenmcy
1800 N. Kent Street, Sttfte 800
Arlington, Virginia 22209

Mr. Rtchard N. Denney
&ecutive DStector
The Wfldlffe  Society
7101 Wfsconsh Avenue, NW.
&ft8 611
Washington, D.C. 20014

Mr. tohn Brady
Team Leader
US. Army Corps of Engineers
210 Tucker 8bd. North
St. Louis, Missouri 63101

Major Genera2 Lewis W. Prentiss,  Jr.
Commondfng Genera2
Fort Leonard Wood, Mfssourf 65473

Dr. Mfchael S. Haney
Professor of Biology
Ecological Research Center
Memphi3 Stat.8 Unfvers!ty
Memphis, Tennessee 9gl62

Dr.Jef,frq,  Black
Okolahoma Bap* UnL*
Suxwnee,  Otdahom~ 74801

&.b8F8tt~?i@y
hrtheast8mOkhhOmeStat8hfv8rsity
TahZequah, Ordahoma 74464

Mr. Tom Aley
0)turk Undergraurd Laboratory
Pratem,  Mssourf 64733

Defenders of WfMff8
1244 Nineteenth Street NW
Washington, D.C. 20036
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Dr. A. R. Webbrod,  Endangered Specks
BiOlOgfSt

Noturd  Resources Divfsfon
National Park &Wk8
Washfngton, D.C. 20240

Dhctor
Natfonaf  Park &Vic8
Interior BuiZdfng
Washingtoh,  D.C. 20240

Regional Dfrector
National Park ServtCS
1709 &lCkZOTl~88t
Omaha, Nebradax 68102

Regional Dfrector
National Park %rvfC8
1895 Phoenfx  Bouhard
Atlonta,Ceo#a 30349

Dr. John &. cooper
Chafrman,  Task Force on &&angered Specie
National Spdeologicd Sodety,..Bolc27647
North Caroha State Mrueum of

Ntzfurd History
RaZeigh, North CaroltnO 27611

Mr. Tom Lera
To& Force on Endangered  @e&s
National @d8Ob@d &Cf8ty,  Box 27647
North carouna state Mweum N

Natural Hm
Raleigh, North Carolina 27611

Dr. T. Rfplq,
Chafrman, Board  of Dfrectors
T8JU'MSS88  VdkJ' Authority
400 CommerCe Av8nu
h~dJl8, Tennessee 37902

.

CoEone2  Wafter C. Bell
Dfstrict Enqfneer
Kansas Cfty Dfsblct, Corps of -e-3-
601 &. 12th Street
Km~~~Cfty,Mfwuri  6410%

COlOn8!  Robert G. Bentng
D i s t r i c t  Engineer *
l$czBD$~ct, CorpJ of Engin-3
T&, Otdahoma 74102

.

Cdonel Robert J. Dacey
Dfqrict Engfneer
St. Lo& Disefct, Corps of Engineers
210 North  12th Stt88t
St. Loufs, Mfssourf 63101

Colonel Dole K. Randels
Ditict Engineer
Lfttk Rock District, Corps of EngfneerS
P.O. Box 867
tfttt8 Rock, Arti 72203

Colonel WfUfam H. Rerto
Dttrfct Engfnecrt
Mempm District, Corps of Engineer3
668 Clifford Davis Federaf BufZdfng
Memphis, Tennt?ssee  38103

Dfdrfct Engineer
U.S. hy COrpJ Of hQffi8eM
Charleston DfsHCt
P.O. Box 919
Charleston,SouthCoroUna 29402

District EngSneer
usa Army corps of Engfneers
MobfZe Distrtct
P.0. Box 2288
Mobire, Alabama 36628

District Engineer
us. Army corps of Engineers
-18 Dfsrfct
P.O. Box 69
LouhiUe, Kent&q 40201

, Jack WoodyRegbnaZ Dfrector AFFIX Mr,
&dUY@8r8d @eCf8S &e&&f
Ct.& Ffsh and wffdlif8  %WiC8
P.O.Eox 1306
Albuqueque, New Mexfco 67103

Regiona Dft8CtOr  &tnz Mr.Aet Montgomery
&nduryered  SpCfeS WCfdfSt
Us. Fish mzd wEdif ServfC8
The Richax? B. RUSSO Federa B&ding
tSSprhg*eet,SW
Atlan~ Georgia 30303

Mr. Tom Kerr
Department of Bfology
Boston UnfversiQ
Boston, Massasschus4?tts 02215

.
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Mr. MerUn Tuttle
Mihwauk88  PubzfcMuseum
Mft~t3&88,  Wixonsin 5 3 2 3 3

Afti Don W&on
i Natfond  FM and Wadltf8 Loborotw

Nationa  Museum of Nabrot HiSory
Washington,  D.Ci 20560

fi
Dr. iORZC8 HQ’8
pitabwg  state
fitm,Ktutsas  6 6 7 6 2

Dr. Richard hfym
13404 woodland
Korww Cffq, Mfssrw’f 64146

-Mr.Alan Robtnowftz
Department of Zoology
Unfversity  of Tennessee
KnoMUe, Tennesa88  37916

Mr. Donald Russ22
2017 h&ddS
Broken Arrow, Oldahoma 74012

Termessee  WildIffe  Resuurces Agency
P.O.Box 40747
&uington  Agr-icuzapaz center
Nas?ndUe,Tennessee  3 7 2 0 4

Mr. Rf&zrd LaQal
APT0 10165
San Jose, Costa Rica

Mr. Thomas Smith
~-8  D~8ttt  of Conservo#on
Dtvfsbn of PIann&) and Davelopment
2611 W. End Awmue
Nashvffle, Tennessee 37203

Mr. Dcrvc  Nekcn
&n&onmenti buz2ysis Batch
Rock Wand DfsZ., CorpS Of Engfne8M
Clock Tower BufEdi.ng
Rock Wand, ItIfnob  62201

6 Mr. Dan Eager
Tenn8ssee Department of Conservation
2611 West &nd Avenue
N.&vfZle, Tennessee 37203

Regiona Dfrector Atta Mr. Paul Nfckerson
Endangered Species Specialfst
U.S. Fish and WUCnffe  Service
SLit8 700, One ccrt8Wtly  Center
Newton Corner, Maxmchusetts  02158

Regional Director Atta Mr. Don Rodgers
&&angered Specfes Specfaffst
Us. Fish and wfldlff8 SeWiCe
P.O. Box 25486, Dermer Federal Center
Denver, Colorado 80225

Dfrector, US. Ffsh  and WfZdZffe Sewice
Mafn hterior &Ming
18th und C Streets, NW.
Washfngton,  D.C. 20240

Area Manager
U.S. Fish ond WffdZffe %wice
Federctt Bubiing, Room G-121
300&d 8th Str88t
Auatin,  Tesus 78701

Area Manager
U.S. Fish and Wildlife Service
1405 South H&on Road
East Lansfng, Mfchfgan  48828

Area Manager
U.S. Fish and WfZdIffe  Sewice
hovidence  C@ftd  &dding, &it8  300
200 E. Pa3caguuZa Street
Jackson, Misixdppi 39201

Area iKanug8r
u& Fish QM wffdff8 SerjCC
&de& Buildin& Room 279
rishtvifle:. North CaroZfna 28801

Dfrector
AHccmxu Game and Ffsh Commfsion
Game and FM Commission Buildtrg
t;t:tie Rod, -as 72231

Dfrector
Department of Consewatfon and Natural

Resources
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Montgomery, Alabama 36130

Nfssowd Department 4 Natural Resources
1014 Madfsort  Street,
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Jefferson CfZy,Mfsourf 65101
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Dfrector
Came and Fre& Water Fish Commfssfon
620 S. Meridian meat
Tallahusee, Florida 32304

Dr. Davfd Kenney,  Dfrecta
Department of Conservation
605 Stratton offk8 wd[ng
Springfield, illfnofs 62706

Dfrector
wfldlif8  R8SoUrC8S  COmmbSbn
Aduiale BufZdfng,512 N.SollskoyStreet
RaZeigh,  North Cardtna 27611

Dfmctor
Misissippf Game and Ffsh Commfsfon
239 N. Lamar Street
P.O. Box 451
Jackson,  Mfssissippf 39205

Mr. w Gale, Dfrecto?
Mfsscwf  Department of Consewatfon
P.O. Box 180 .
Jefferson Cfty, Mfsscwf 65101

Ofrector
Department of Naturd  Resocrrces
608 Stat8 OffiCe mm
hdianapolfs, Indiana 46204

Dfrector
Oklahoma Department of WfZdZffe Cons-on
1801 N. Lfncoln
P.O. Box 53466
OkIahoma Cfty, Okhhoma 73105

Director
Department of Ff91 and WfMffe  Resources Mr. WfIZfam Kfron
C~apftot  P!aza Tower 7413 Grwar
Frankfort, Kenbclcy 40601 Ausdn, Teras 78737

Mr. WIIIiam ~anzlfck, DtrectU?
Kacs Fish and Game Commfsdon
Route #2, Box 34A
Pratt, Kansas 67124

Director
Game and FW Division
Department of NaturJ Resource
270 wcx3hin@on  street,  SW

_ Atlanta, Georgfa 30334

Director
Commbsion of Game and hkmd Fisheries
4010 W. Broad Street
Box 1104
Rfchmond,  Vfrgfnfa  2 3 2 3 0

Area’ Manager
U.S. Fish and wn&ff8 ServiCO
1825 Vfrginia Street
AnnapoUs, MatyZmd 21401

Area Manager
U.S. Ffsh and Wffdlffe S8ndcc~
100 Chestnut Street, Room 310
RaHsburg, Penn@vunfa 17101

Area Manager
US.FiShand Wffdlff8ServiC8
P.O. Box 250
Pf8tT8, soufh Dakota 57501 ’

Mr. Jerry P. Mcllwdn
Endangered Speck Specialist
USDA Forest %rviC8
P.O. Box 2417
Was&g&n, D.C. 20013

Mr. Gary D. Wflson
Natfonal Park %ndc8
hffdW8St  Region
1709 Jackson Street
Omaha, Nehuka 68102

Dr. Robert D. Mohlenbrock
Dement of Botq
SoKthem nlillots Utdwrsf~
Ctll-bddC, nlfnOfS 62901

.

Divbion  &mer
U.S. Army Engr. Dfv., South Atlandc
510 Title BuiZdfng
30 Pryor street, s-w.
Atlanta, Georgia 30303

Dfvbfon  Ehgbeer
U.S. Army Engr. Dfv., Ohio Rfver
P.O. Box 1158
Cfncfnnatf,  Ohfo 45201
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Dfvfsfon Engineer
US. Army Engr. Div., &wet Mfss. Valley
P.O. Box 80
vicksbwg,  Midssippt  39180

Dfvfsfon &@Wet
U.S. &my Engr. Div., Southweskn
Mafn Tower Mding
1200. Mafn Street
DaZ&u,  Texas 75202

DisHct Engineer
U.S. Army Engr, Dti, Huntfngton
P . O .  Box 2 1 2 7
Huntington, West Vfrgfnfa 25721

Area Manager
U.S. Fish  and wfldffe k~iC8
900 San Marco BouZevard
Jacksomdlle, FTorfda 32207

,
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Federal Ocvernmcnt

m-p8 of Eclglaeers
m-8 City  xmtrict
W&nrllle  District
Bbile District
St. Louis District.
%Ut!¶ AthXitfc Division
Southwestern Division

Department of mwgy
Department of Dltericr

Director
Divieion o f  Rctugc mBagemcrlt
Diddon of Uildlifa Ecology Research
Jackson Arc8 Office
Region 2
Region 4
Region 6

Natioaal  Pasrk Service
Stark Nstional Scenic khteruays

Teaaes3ee  Valley Autborfty~.

Florida Came and ‘Fresh Ida ter Fish Connnission
Illinois Department of Coruervation
Missouri Department of Conservation
Missouri  Department of Natural lksources
Cklaboma  Department of Wildlife CPnservatfon
Tennessee Wildlife Resources Agency

Others

E v e r e t t  H. Gripby a n d  Uilllam Puckctte
S t e p h e n  R .  Bamplrey

Alan Rabinowitz
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